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I ~FOR]WOM)

I This report is designed to provide a set of tenat+ive
operating instructions for use by Corps of Engineers personnel who
may be required to employ Shoran-controlled photography in fulfill-
ing current mapping assignments. The wording and layout have been
written in the general, form of a training manual. eo as to facili-3 tate its later publication. The present volume is complete and
therefore supersedese !WL Report, 1055, Tentative Operating Instruc-
tions for Shoran Photogranmetric Mapping, which was designed for
t same purpose but which contained only +be first four zhapters.
Report 1055 should now be destroyed in accordance with paragraph 33,
A 0 The Shoran project was authorized by a lt indorsement
from the Chief of Engineers to the Engineer Research and Development
Laboratories (Engineer Board), dated 18 October 1.946, subject:
Transmittal of Engineer Board Report No. 987, Second Interim Report,
Application of Shoran to Mapping (Work Order ]MP 5.409, MPS 673).

This material has been coordirated with the U. S. Air
Force, the Army Map Service, and the Engineer School) and has been
informally reviewed by personnel of the U. S. Coast and Geodetic
Survey. All information appears to be as nearly correct as can be
determined at this stage of the development of Shoran equipment and
methods. However, should any errors, omissions, or needed revisions
be nosted during the use of these instrxut ions, it is requested that
comments be furnished to the Engineer Research and Development
Laboratories so -that necessary changes can be disseminated 'to all
concerned.
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REST R ICT ED 3

SHORAN PHC7TOT W(ERIC MAPPING INSTRUCT IMS

CHAPTER I

GEN~ERAL

1. Subject and Purpose. This set of instructions is intended
as a guide for use in the preparation of maps by photogreaetric
methods from Shoran-controlled aerial photographs. In general, the
procedures vary from existing standard photogrammetric procedures
only in so far as is necessary to apply this new type of horizontal
control. The Shoran system measures the distance between an air-
borne set anti a ground transponder. In the photographic applica-
tion, the distances from the aircraft to ground stations placed at
each end of a base line of known length are recorded at the instant
of each aerial exposure. Shoran reading0 are first reduced to
corresponding ground lengths, and the triangle then is solved for
position of the photo plumb point.

2. Scope. These instructions contain the detailed informa-
tion required in Corps of Engineers planning for Shoran-controlled
aerial photographic missions and in using Shoran control in photo-
grammetric mapping. Also included, in order to provide a complete
picture of Shoran technique, is a general discussion of Shoran
principles, equipment, and airborne operating procedures. Inasmuch
as Shoran control is auitable for original mapping, the instructions
are concerned primarily with multiplex procedures. However, the
use of Shoran with slotted templet and mosaic methods is covered
sufficiently to permit employment of these mapping expedients when
the occasion warrants. Detailed procedures required in determining
distance between ground stations by Shoran measurements or in the
adjustment of Shoran triangulation are not included. Knowledge of
the material contained in e.'iJ sting manluals on map reading, topo-
graphic drafting, and photogrammetric mapping is presupposed.

3. Revisions to the Instructions. Although mapping with
Shoran control. is now feasible, the procedures herein outlined must
be considered tentative sixce both the equipment and the mapping
procedures are in the developmental atage. Present studies give
every indication that accuracy aua operating efficiency will be
further imprcved as modifications and tests now in progress are
consummated. New equipment and revised airborne procedures will
require parallel changes in the mapping application if maximum uti-
lization of the met~hod is to be realized. Revisions will, therefore,
be furnished from time to time as modified mapping procedures are
developed.

REST R ICTED



II

4. Development. The term Shorai is a contraction of the
phrase SHOrt RAnge Navigation. Although its tactical employment
was greatly delayed,, Shoran was one of the first radar systems to
be developed during World War 11. In fact, the initial Shoran idea
was conceived in 1938 by the Radio Corporation of America. The
first developmental model was delivered in February 1942 under con- I
tract with the Army Air Forces Aircraft Radio Laboratory and tested
for use in navigating the bomb run and indicating release points
for bombardment aircraft. Although the flight tests were highly
satisfactory, quantity procurement was delayed since this country
was then newly engaged in war and impetus had to be directed toward
the development and procurement of basic essentials with which to
equip a rapidly expanding Army. Finally, in the latter part of
1944, Shoran was put into tactical use for bombing vital pin-point
targts in northern Italy. In rapid succession, targets that had
been near misses by visual bombing methods were destroyed with the
aid of Shoran. Further losses of airplanes and crews resulting
from enemy action were sharply reduced because missions could be
scheduled at night or during overcast conditions. Its extensive
use was planned; but by the time the equipment could be made
available in sufficient quantity, and personnel could be trained in 3
its tactical employment, the European war was nearly over and tar-
gets were practically non-existent. Extensive plans were also made
for the employment of Shoran in the war against Japan, but again 3
the war ended before the plans could be put into effect.

The desirability of adapting this distance measuring in- n
strument to mapping operations was apparent from the start. At the
earliest opportunity tests to determine accuracy and proper mapping
procedures for use with Shoran control were begun. Use of the sys- 3
tem, both for triangulation and for controlling aerial photography,
was investigated. Testing started in January 1944 and is still con-
tinuing. A recording camera designed to produce exposures synchro- I
nized with those of the aerial camera was developed so that the
Shoran coordinates of each aerial exposure could be determined.
Bombardment equipment was, and still is, used for the mapping work, I
although modifications have been made from time to time as methods
of improving accuracy were revealed. Airborne and office procedures
were designed to be employed with bombardment equipment in order 1
that the system could be put to immediate productive use. Several

design features, however, somewhat complicate its use in obtaining
mapping control, and for this reason research is being continued.
New equipment designed especially for Shoran mapping is also being
developed, but several years will be required for its procurement,
testing, and standardization. I

5. Limitations of Present System. The Shoran system now in
use will produce planimetric maps approaching peacetime standards
of accuracy for 1:50,000 scale. Several factors affecting accuracy
and operating simplicity, however, need further study. The effects

I



of meteorological cornitions on radio wave propagation are still to
be clarified., since the reductiorn from distanze along the Shoran
ray path to an equivalent distance on the earth's surface requires
a knowledge of the true wave path. While the formulas presented in
this manual give fairly reliable results, continuing studies may
reveal desirable .ýhanges. Further study is also required tIo evalu-
ate and correct for variations in. the Shoran, dist.ance readings in-
troduced. by variations in strength of the radio signals. Although
the primary effect of this "intensity error" Is of a systematic
nature, it may also introduce random errors into the finished map.

Another source of error resltt from the inability of the
airborne operator to obtain perfect "'pip" alinement at the instant
of each aerial exposure. This adjustment, which is done manually,
must be performed continuously during the photographic mission.
The operation is a tirxung one, especially at photographic altitudes,
and undoubtedly £•ntroduces random errors in the finished map. Pres -
ent equipment provides no method, for determining or compensating for
the errors thus introduced.

Fat'ure design changes and modifications in equipment or
mapping procedures may cause some of the descript ions or methods
herein outlined to become obsolete. The instructions will be re-
vised fram time to time, but minor zhanges will not warrant immedi-
ate republication; therefore, it sho-uld be borne in mind that some
descriptions of procedures and equipment may not agree exactly with
those encountered in the field. For example, the basic information
required for determining distance wv-11 appear on the film from all
Shoran recorders but auxiliary inst:.nmients such as the clock or the
thermometer may be replaced by other inetruments.

6. ResponsibilIty. The Corps of Engineers are responsible
for the specifications for Shoran-c(mtrolled mapping photography
and the production of the completed photogrammetric map. They are
also responsible for indicating the desired. approximate locations
of ground station sites with regard to existing ground control sys-
tems and for performing the comprehernsive siuvey work necessary to
strengthen, tie, and adjust Shoran contrcl. The Air Force is re-
sponsible for the field selection of Shoran grouA station sites
and for the installation, mairtenanzce, and operation of both air-
borne and. related ground Shoran equipz•ent. The Air Force is also
responsible for initially locating and permanently referencing
Shoran ground stations, for deteimin:ing meteorological corrections
and calibration constants, and for performing the field. computations
necessary in assuring conformance cf SUioran data to the requirements
of general specifications furnished by the using agency. The Corps
of EnizI.neers is rasponstbie for the final adjustment and analysis
of completed control networks resulting from Shoran triangulation by
the line-crossing method.
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7. Application. Shoran equimnent is usable for obtaining
photo control, for flight line navigation, triangulation, hydro-
graphic surveying, and possibly for otiter distance measuring opera- 1
tions. Shoran-controlled photography can be applied either to
multiplex or to slotted templet malifing. It also is suitable for
determining over-all scale and poeftion of otherwise uncontrolled
mosaics and for preparing both seml-controlled and controlled
mosaics.

The ability of the system to guide the photographic air-
craft along a predetermined flight line is of great importance in
photogrametric mapping. In fact, this application often warrants
the use of Shoran even in areas where existing ground control ob-
viates the need for controlled photography. Many man-hours are
lost If mapping projects are held up waiting for reflights or if 1
the photography contains excessive or insufficient lateral overlap.
Shoran flight line navigation permits flying with minimum side lap
and assures obtaining a maximum area of gapless coverage at the i
first fine weather opportunity. In the few instances in which re-
flights become necessary, the system provides a positive method of
quickly obtaining the necessary additional coverage. 3

In Shoran triangulation, ground statie~n sites are selected
at the corners of appropriate figures and all sides and diagonals 5
measured by flying the airborne set across the lines. The network
then is adjusted and the g9 odetic positions are established by a
least-squares procedure somewhat similar to that used for normal I
triangulation with measured angles. For hydrographic surveying,
the Shoran airborne set is installed on a survey ship and used to
indicate position at the instant of each depth sounding. The U. S. I
Coast and Geodetic Survey is presently using this system in the
preparation of hydrographic charts.

Only the applications of Shoran in obtaining photo control
and in flight line navigation are of primary concern in this set of
instructions.

8. Types of Shoran-controlled Photography. Shoran-controlled
photography is applicable to photograsetric mapping projects in I
areas where horizontal control is unavailable, or where the time
required for establishing control 6f greater accuracy by ordinary
ground methods is unwarranted. In most mapping assigmients, ground 5
stations can be tied to existing triangulation networks so that the
finished map can be positioned with respect to the parallels and
meridians. Where military necessity requires, however, maps posi-
tioned only with respect to two unsurveyed ground stations may be
produced. In this method, ground stations having the proper geo-
metric and range relationship to the unmappe& area are selected in I
any convenient location and the distance between them is determined

I
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I by flying the airborne set across tbe line joirxing the stations.
Shoran photography is then flown in the normal manner. The result-
ing map will have good internal accuracy although its absolute posi-
tioning will have to await geodetic ties either to the ground sta-
tions or to identifiable points within the map itself. Astronomic
observations at both ground. stations may, of course, be used for
absolute position, but because of inherent inae.uracie•i of astro-
nomic positions, considerable error may be introduced.

U With present Shoran equlpmant, maxlmum map accuracy re-
quires distance readings corresponding to each aerial exposure in
the area being mapped. In other words, the aeri.al operations con-
sist of normal overlapping cýoverage with ascomparying Shoran re-
cordings. Fully controlled photography of this type is termed
Shoran "area coverage photography."

Anc rhe:r type of photo control involves the use of Shoran-
controlled photographi2, strips in conjanction with existing uncon-
trolled mapping coverage. The control strips are flown at right
angles to the existing photography and at intervals of approximately
each six exposures along it. In. this manner, they serve to replace
the ground traverse lines that normally would. be required at about
this same spaoing. Horizontal pass points for . ontrol of the map-
ping coverage are established after the cross flights have been
scaled to the Shoran control. This type photography is called
Shoran "cross flight photography." The scaling of the control
strips to the Shoran positions and the establishment of the neces-
sary pass points may be accomplished either by multiplex or by
slotted templet methods. This flight pattern will not produce
final map accuracies equal. to those attainable with area coverage
photography but considerable Shoran flying time is saved in areas
in which existing mapping coverage is available. As Shoran accu-
racy is further improved., cross flight photography may become in-
creasingly more important.

For reconnaissance mapping at scales of 1:250,000 and
smaller, Shoran "control point photography"" can be used. Here,
Shoran-controlled exposures are used to pin-point identifiable
points at intervals of thirty to fifty miles throughout, the area
under consideration. Ground positions determined from these photos
then can be used in the preparation of small-scale maps by tri-metrogon or other reconnaissance type mapping methods.

9. Shoran Flight Line Navigation, A "straight line indL-
cator" for attachment to the airborne set is standard Air Force
equipment and is issued to Shoran phctographic units0  This auxil-
iary instrament permits flight line navigation along straight lines
that are referenced only to the ground stations, and is proving to
be extremely valuable for work in areas where Eood flight maps are

I
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unavailable. Where Shoran is used for photo control, the straight i
line indicator normally will be used for navigation. Flight lines
preferably are laid out parallel to the line connecting the ground i
stations. However, the only restriction as to orientation is that
the flight lines or their extensions must clear the ground positions
by at least 30 miles.

If the straight line indicator is unavailable, flight
line navigation may be accomplished by flying arcs of constant radii 3
about one of the ground stations. The resulting curved flights in-
troduce several undesirable conditions such as the centrifugal de-
flection of the camera level bubble, the creation of crab between
exposures, and the inability to arrange flight lines to suit special
requirements. However, these disadvantages are far outweighed by
the certainty of obtaining good. photographic coverage on the first
mission. It should also be noted. that the adverse effects are re-
duced as the flight radius increases. In this method of arc flying,
the radius must always be at least fifteen times the flying height i
in areas where multiplex methods are to be used in the compilation
process. This is necessary in order not to exceed the usable length
of the Y-movement available for orientation of curved flights. 3

Another possible method of flight line navigation is by
"precomputed coordinates." In this procedure, the proper distance I
readings from the aircraft to each ground. station at regular inter-
vals along a straight line are computed before take-off and. the air-
craft then is flown so as to pass, as near as possible, along this I
precomputed course. Considerable skill and experience on the part
of both pilot and navigator are required. to accomplish this type
mission.

10. Accuracy. The Shoran system contains both systematic and
random errors. When applied to map control, the systematic (mean) I
error will appear as a shift of the entire area with respect to the
parallels and meridians. Deviations from the mean (random errors)
will be evidenced as localized scale and azimuth errors within the I
map.

For many military mapping operations, deviation from the 3
mean will have the greater significance since the relative positions
of features will be of more importance than having the map in its
correct geodetic position. Tests show that present Shoran equip-
ment will locate two-thirds of the exposure stations to within about

f75 feet of true position, exclusive of the mean error. Multiplex
maps compiled from this control will, however, give somewhat greater
accuracy than would be expected from this statement. The methods
later described provide for scaling the map to the best mean fit of
all Shoran points and thus permit "averaging out" some of the random I
Shoran error. Multiplex test maps compiled. in this manner, using I

!
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U area coverage, T-5 photography frcm about 20,000 feet, indicate
that two-thirds of the detail points will have a relative accuracy
of about t65 feet, 90 percent of the points will be true to within
t105 feet, and no point will be in error over about 190 feet.
These values are all exclusive of the mean map position error.
They represent about the maximum accuracy attainable with Shoran in
its present state of development and are presented here to indicate
the capabilities of this new mapping tool. The approximate accur-
acies to be expected from other Shoran photogrammetric applications
are given in later chapters where the various procedures are dis-
cussed in detail.

I Whenever proper7 ly calibrated equipment is used during the
photographic operations, the mean shift of the map sheets should
never exceed about 50 feet, Even this error can be largely elimi-
nated if one or two identifiable points of known position are avail-
able in the area being mapped. Under these conditions, the Shoran
map is first compiled by one of the methods later discussed and the
entire sheet then is "slipped'" into position as indicated by the
survey points. If several adjacent sheets are to be compiled, sur-
vey points in every second or third sheet probably will be suffi-
cient,

11. Shoran in Large-area Mapping. It can be seen that, in
Shoran., the surveyor has acquired another new and useful tool.
With the aid of Shoran navigational methods large areas of gapless
photography can be obtained in a minimum amount of time. Areas of
approximately 2,500 square miles can be photographed in one 6-hour
flight at a photographic altitude of 20,000 feet. Reflights will
seldom be needed but, when necessary, they can be readily obtained.
The simultaneous gathering of horizontal control saves many miles
of laborious triangulation and traverse operations. Although the
Shoran system itself provides no vertical control information,
accurate altimeter readings at the instant of each exposure and
properly spaced cross flights will reduce the number of elevation
points that must be eastablished by ground methods. In fact, if the
elevation of only a few well-distributed points throughout the area
(such as water sitrfaces) can be recovered and used in conjunction
with the altimeter data, fairly reliable form lines can be sketched
by multiplex methods without recourse to additional control (Chap-
ters VII and VIII). The value of being able to compile even a good
planimetric map without ever having to occupy the ground cannot be
overestimated in military mapping.

By use of the line-crossing procedure, the Shoran system
also provides the method for makirg the initial triangulation sur-
vey. Ground stations thus located then besome the ground stations
for use in controlling the mapping photography. It may even be
possible to attain greatest efficiency by combining the two

U
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CHPE 11 13

PRfINCIPL2DS OF SHORA MAPPING

1. General. Shoran Is an electronic measuring system. for
ind~icating dista-nces from. an airplane to each of two Shoran ground.I ~stations. In operation the aircraft transmits rad~io signals to
each of the ground. stations. These signalJs are received. and. im-
mediately retransmitted. back along the same path. By automaticU ~measurement of the time required. for the signal.s to traverse each
round.-trip path, the airborne equipmient obtains an a~ccurate figure
for the distances to the ground. stations. This information, to_I ~gether with a knowled~ge of the flying height., permits ccmiputation
of the horizontal position at the instant of each reading. Fig.
2-1 shows how the d~istance indications serve to fix the aircraftU ~relative to the two ground. stations. In areas where geodetic posi-
tions of the ground. sets are known, the absolute airplane position3 may be cauputeL..

I'
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IFIG. 2-1. TWO-DIB]TAUE "FIX" OF THE SBDORAnUM
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2. The Pulse System of Distance Measu'~unt. The dUstance I
of the Shorn a•i•rca• fram eak goM~ station I determined. by

seana of the "echo-timin principle." This echo-timlg method.
measures the time required. for a short train of ra&io waves

(called a "pulse") to travel over the distance an& back to the
startlng point. In most radar systems, a rounmd-trip radio path,
for the pu'pose of distance deterzination, ma s use of the fact
that many objects act as god reflectors of radio waves. That is,
radio pulses from the originating point, striking a wave reflect-
ing object, are reflected., or re-radiated., to provide an "echo"
siga&l which the originating station picks up. In this Seneral
type of system the reflecting surfaces usually are anuzy aircraft
or other types of non-cooperating targets.

Shoran uses a more effective method for providing round.-
trip paths. Instead. of using a metallic object as a reflector,
the ground. station is, itself, a xzudio receiver and transmitter.
With this system, the echo signal is greatly saplified.. Fig. 2-2
illustrates the method used. to determine the distance to a groun&
station. Here, the airborne set seans out a pulse of radio energy
in the direction of the distant ground, station, and. siwitaeo1sly
makes a kink or "pip" (designated the marker pip) on the screen of
the cathode-ray tube. When the radio echo of this pulse returns
from the ground station, it is received and. made to produce a
seocon. pip (the echo pip) on the screen.

The airborne instrmnent is designs& to produce a oircu-
lar sweep on the face of the cathode-ray tube. The velocity of
the sweep is constant (nearly) and. is determined by the particular

I

RECEIVED PIP-I

7IG. 2-2. DI0]JAXC DE(IIAI Kw wBy Row-=I'P PUIBI TDUJG.
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3 scale setting selected. Pulses, generated at a constant rate, are
fed to both the cathode-ray tube and the airborne tranamftter.
Since these pulses are syn'bronized with the sweep generator, the
Smarker pip remains at a fixed position on the screen. The echo
pulse, however, is delayed because of the time required for round-
trip travel to the 3roond. station and, therefore, forms a second
pip on the "sweep circle" at some distance from the marker pip.
The distance between the two pips is a direct indication of the
time which elapsed between the formation of the first pip and the
formation of the second. In other words, the distance between pips
depends directly on the time required by a radio pulse to make the
round trip over the distance being measured. Since radio pulses
travel at a known speed (approximately 186,219 miles per second at
sea level), this distance between pips also indicates the length of
the round-trip radio pulse path, and therefore measures the air-
line distance between the airplane and the ground station. The
persistence of vision, the persistence of the oscilloscope, and the
rapid rate at which the signals are repeated furnish the operator
with continuous images of the marker and the echo pips.

With Shoran, the elementary method just discussed is modi-
| fied. in an important way, Actually, instead of directly using the

distance between the pulses on the cathode-ray tube as an indica-
tion of distance, a "'timing advance system" is used to produce trans-
mitted pulses sufficiently earlier than the corresponding marker
pulses so that a signal returning from its round trip arrives just
in time to meet the corresponding pulse at the cathode-ray tube.
The amount of time advance, or headway, given the outgoing pulse is
variable and is calibrated so that the distance from the ground sta-
tion is read directly. During operations, the device is adjusted
until the leading edge of the echo pip coincides with that of the
marker pip. The distanze from the airplane to the ground station3 can then be read in miles on a dial scale and vernier counter.

In order to make possible a 2-f.ircle fix (Fig. 2-1),
simultaneous indications from two ground stations are obtained by
sending pulses from the airplane in alternate groups, or trains,
first to one and then to the other, arnd so on. Although most of
the radio equipment is used jointly by both signal "channels" in
the airborne set, separate timing advance systems are used so that
the two Shoran mileages can be set and read separately. The two
timing advance systems are driven by hand or geared to a motor
drive. A single cathode-ray tube is used as an indicator. One
marker pip appears at the top of the screen of this tube and two
received pips show iup on the sweep circle at positions depending
upon the distances to the ground station. The set is so desig'ed
that one echo pip projects toward, and the other away from, the
sweep circle center. When the two received pips are set in coin-
cidence with the marker pip, the resulting readings of the dials

Li



I

are the distances of the airplane from each ground station. Fig. I
2-3k shows the pattern on the cathode-ray tube with the received
pips out of alinement with the marker. In Fig. 2-3B the pipe are
shown properly adjusted to coincide with the marker.

I
MARKER PIP

PIP FROM Olt. STA. A PIP FROM -r I

PIP FROM fA I

PIP FRO IR. STA. "r I
A B 3

FIG. 2-3. PATTERN ON CATHODE-RAY TUBE. IN "A" THE THREE I
PIPS ARE SEPARATED FOR CLARITY. IN 'B" THE PIPS ARE ALINED
TO PER4I3 TRUE DIHTANCE RECORDINGS ON THE SHORAN DIAIB. 3

In Shoran operations the designation of one ground sta-
tion as the "Rate" station and the other as the "Drift" station
occasionally will be encountered. This terminology is a carry
over from the bombing application where the bomb run was made by
flying an arc of constant radius about the Drift station. In map-
ping, the selection of one station as the Rate and the ether as
the Drift station is arbitrary and is used only as a convenience.
Except possibly where arc flying is used in navigation, it is pref-
erable to designate the ground stations simply as station "A" and
station "B". Under this designation the westerrmost station is
called A and the easternmost is called B. 3

3. Equipment. A complete Shoran system consists of two
similar around stations at a considerable distance apart, and sets
of airborne equipment installed in one or more airplanes. A
"Shoran recorder," included as part of the airborne equipment,
furnishes a photographic record of Shoran readings during photo-
graphic operations. The actuation of the recorder camera from the
aerial conmora intervalometer provides the information necessary
for computing the plan position of each aerial exposure. 3

I
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The ground station equipment, which is known as Radio Set
AN/CPN-2, consists of an antenna mast, an antenna structure, a
generator, a monitor, a receiver, a transmitter, cables, and other
small items. The gasoline-driven generator furnishes the entire
power required for the operation of a ground station. The monitor
incorporates provision for tuning and for adjusting the total time
required for the pulse to pass through the equipment. Provision
is also made for reshaping the pulse, since distortion is intro-
duced during transmission from the airplane. The antenna struc-
ture when erected upon the mast stands 50 feet above the ground.
Horizontal radiation from the ground station antennas is moderately
directional; the maximum signal intensity is in the direction to-
ward which the antenna is pointed, and it decreases to about 50
percent at an angle of 300 on either side. In mapping operations
one pointing of the antenna usually is sufficient, except under
special conditions or where very large areas are involved. Equip-
ment for one ground station is illustrated in Fig. 2-4. Five men
can set up the station, make necessary adjustments, and have it
ready for operation in approximately 8 hours. Gasoline consump-
tion of the power unit is about 1 gph.
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The airborne equipment is know as Radio Set M/APN-3. U

It consists of a receiving antenna, a transmitting antenna, a re-
ceiver, a timing unit, a transmitter, cables, and mounts. The tim-
ing and receiver units are built into one component and must be
positioned in the aircraft so as to permit the operator both to see
and to have easy access to the front panel. As operation of the U
transmitter is practically automatic, it may be installed, in mny

convenient location in the plane. Both the receiving and the trans-
mitting antenn are thin rods projecting about 12 inches from the
fuselage and both are non-directional. The point midwa•v between
these antennas is the point at which the Shoran positions are effec-
tive. In photographic installations the aerial camera either mu st
be placed near this mid-point or a compensating correction must be
mad during the computation step. The timing unit (Fig. 2-5) is
the heart of the entire Shoran system, since the actual distance
measurement takes place within this unit. Visible on the front
panel of the instruments are various tuning dials, the face of the
cathode-ray tube (1), large dials for rough adjustment of the time I
delay and. indication of mileage (2), and mileage counters which

serve as verniers in indicating distance to each ground station (3).
A selector switch permits changing the scale so that one revolution 3
on the sweep circle represents 1 mile, 10 miles, or 100 miles.
With the sweep circle set at the normal operating scale of 1 mile
per revolution, distance to the nearest 10 miles is read directly 3
from large dials. The vernier counters give direct readings for
the 1-mile, 0.1-mile, and 0.01-mile portion of the distance.

Fig. 2-6 shows the recording unit and Fig. 2-7 illustrates
an exposure from the recording camera. This unit fits just below
the timing unit and becomes an integral part of it. Fig. 2-8 shows
the combined units installed for airborne use. Mileage counters in
the recorder duplicate those of the timing unit and., in ad~dition,
provide space for the 100- and 10-mile portion of each reading. I
Synchronization of the two sets of counters is accomplished by means
of a direct gear connection. With this ant, adjustments to
the timing advence systems can be made by manipulation of the I
appropriate recorder mileage counter controls. Adjustment to each
of these counters is made by moeas of a displacement knob and a
variable speed motor. Since the displacement knobs are directly 3
geared to the timing unit they can be used alone to maintain pip
alinement. This is a purely manial operation, however, and- since
the airplane is constantly moving, would require a great deal of I
work. By use of the motors, each counter (and., therefore, the tim-
ing advance systems) can be set at a constant corrective speed. that
approximates the speed of the plane with respect to the ground sta- I
tions. This greatly reduces the number of manual adjustments that
must be made to the displacement knobs. The regulator for each
motor is placed just behind. its corresponding displacement knob to I
permit the operation of both with the same hand. Even with this I
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FIG. 2-5. SHORAN TIMIT GUNJ!T.

FIG. 2-6. SuoRAt RiaORDER.
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FIG. 2-7. SHO•RAN DATA FIIM. 1
arrangement, operation of the airborne set necessitates constant
manipulation with both hands (one "rate" and one "displacement"
knob for each of the two ground stations) and requires difficult
manual coordination which can be obtained only through practice
and experience.

The recorder photographs are taken by a standard 35- m
moving picture camera, modified to expose single frames upon re-
ceipt of impulses from an intervalcmeter. Each recording shows
the counter reading to each ground station, a compass giving the
heading of the aircraft, an altimeter, a thermometer, a clock, a
data card, and an exposure counter which has been synchronized with
that of the aerial camera. The illustrated exposure (Fig. 2-7)
shows that, when this picture was taken, the airplane was 102.904
miles from one ground station and 103.652 miles from the other.
The figure in the third decimal place is obtained by interpolation.
Information furnished with the photography must indicate to which
ground station each of the counters refer. The small pointer of
the altimeter reads in 10,000-foot units, the medium length pointer
in thousands of feet, and the longest pointer in 100-foot units.
The flying height indicated on the sample exposure is 12,440 feet
above sea level. Although both are actuated from the same inter-
malameter, certain undesirable design features in present recorders
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FIG. 2-8. AERBORNE INS7ALLATMNO OF S0.I0RN4 TRAITI'G U~rF ANID
RECOBDER.
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require each aerial camera -_- Shoran recorder installation to be
individually calibrated to assure perfect synchronization.

4. Characteristics of Wave Path. Shoran waves, like light
waves, travel in strai&t lines in a vacuum., and are refracted. down-
ward when they ere traveling through the atmosphere. The amount of
refraction of the Shoran rays, however, is scmewhat greater then
that of light waves. Fig. 2-9 illustrates the effect of atmos-
pheric refraction. Bending of the path is greatest near the ground.,
but the path approaches a straight line at higher altitudles where
atmosaleric pressure and moisture content become less and less. It
can also be seen from Fig. 2-9 that the ma•imum. horizontal range of
a Shoran airplane from either ground station is dependent upon the
height of the ground station, flying height, refraction of the ray
path, curvature of the earth, and elevation of the terrain along
the ray path. A much clearer picture of the wave path is given by
using the concept of a flat earth. Here, the earth is assumed to
be a plane and the ray path is assumed to contain the effects of
both refraction and curvature. Fig. 2-10 shows this representation
of the Shoran ray path. Under the conditions shown, the mazlini-
range of the equipment is given by the following fon•ila:

where H = Altitude in feet above sea level of aircraft
K w Height in feet above sea level of ground sta-

tion antennsa
G - Height in feet above sea level of terrain at

low point of Shoran ray path

Use of this fonmfla must be limited to areas where the terrain in
the vicinity of the low point of the path is level and at a fairly
constant elevation above sea level. Distance from the ground sta-
tion to the low point of the path is given by the formula:

where Mo a Distance in miles from ground station to
low point of Shoran ray path I

K & G as before

Actually, Mo and G are interdependent, so that one cannot be deter- 3
mined until the other is established. However, in many instances
where terrain is relatively flat for a considerable distance from
the ground station, the formula gives a reliable estimate of ex-
treme range. If intervening hills obstruct the "line of sight,"
other formulas, or even the construction of a profile, may be re-
quired. These problems are discussed further in Chapter III.

U
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FIG. 2-9. PATH OF SEORAIT RAY.
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FIG. 2-10. FLAT EARTH CONCEPT FOR DEITIZWN~fG HEICHT OF

SHORAN RAY PATH.

The formula just presented gives fairly reliable recon-
naissance values for the maximum horizontal ranae of the Shoran
equipment. However, terrain conditions in the inuediate neighbor-
hood of the ground station and other local factors may introduce
amnomalies that will considerably modify values obtained by the use
of this formula. Where it becomes nocessary to work near the

I
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extreme range of the equipment, or where an alternate selectio of I
ground station positions is possible, the advice of Air Force elec-
tronic specialists should be obtained. It will also be found that
atmospheric conditions at the time of Shoran operations will have a U
small effect on maxiwmin range. On days when the moisture content
of the atmosphere is high, increased refractions will enable the
aircraft to receive signals at a distance slightly greater than the
computed range, while under very dry conditions, the signals will
cut out at a distance slightly less than the computed range. 3

5. Equipment Calibration and AdJustment. Shoran measures
distance between the aircraft and each ground station as a function
of the time required for a pulse of electromagnetic energy to travel U
the round-trip path. Since the pulse of energy is delayed a con-
stant amount in passing through the ground station equipment., the
airborne tininl circuits are set to consider this delay. The fac- 1
tory adjustments of the airborne sets assume equal time delays in
all ground sets, the delay being a constant equivalent to 0.1800
mile. This means that each airborne set is adjusted so that when I
it is receiving its own transmitted signal (that is, measuring a
zero distance) the mileage counters will read 99.8200 instead of
0.0000. However, since many indeterminates affect the delay, it is U
necessary to calibrate and to determine the "ground station delay

correction" for each ground station just prior to commencing Shoran
operations.

It is also found that all airborne sets do not read.
99.8200 when they are receiving their own signals. In fact, the
"observed zero" in any one set does not remain constant but mwst be
read and recorded at the beginning and end of each photographic
mission if mximm Shoran accuracy is to be attained. The "correc- 3
tion of the observed zero from the reference value of 9 9 . 82 00" is
algebraically added to the mileage counter reading. This correc-
tion is determined as follows:

Zero correction = 99.8200- RZ 1
where Rz = Zero observation

Pulse travel time is measured in the airborne timing unit 1
by means of a timing oscillator. The equipment design is such that
true path distance is recorded when this oscillator frequency in
cycles per second is equal to one-half the velocity of electromag-
netic propagation in miles per second. Electromagnetic vave veloci-
ty, which is equivalent to the speed of light, is 186,219 miles per
second at sea level under standard atmospheric conditions. As
Shoran measures the loop travel, it is convenient to use the loop
velocity of 93,109.5 miles per second. Correct Shoran readings,
then, will be obtained when the airborne timing oscillator is

U
U
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I adjusted to a frequency of 93,109.5 cycles per second. When the
timing oscillator frequency differs from this reference value a3 correction is required.

The oscillator in the airborne set is not temperature
stabilized; consequently, the wide rang of pressure and tempera-
ture conditions encountered between ground elevation an& photo-
graphic flying height preclude reliance on the frequency stability
of this oscillator. To overcome this difficulty each groun& sta-
tion is equipped with a temperature stabilized and compensated cry-
stal oscillator circuit and just before starting -he photography,
the airborne timing obcillator frequency is adjusted to obtain
synchronization with the ground station oscillators. Actually, the
two ground stations will -not be exactly on the same frequency, and
so the airborne timing oscillator is adjusted to the mean of the
two frequencies. This airborne adjustment of the timing oscillator
furnishes a valuable check on the equipment, since a difference of
frequency between the two ground sets of more than 2 cycles per
second indicates the necessity of recalibrating the ground station
oscillators.

U The method used in calibrating and adjusting the ground
station timing osoillators does not always produce a frequency of
exactly 93,109.5 cycles per second. This procedure does not
seriously handicap the ccaputations, however, since a "timing fre-
quency correction" is easily applied if the frequency used during
the Shoran operations is accurately known. The following formula
gives the required value:

SF 9s,109.5 S
F

where AS Timing frequency correction in miles
F Actual timing frequency in cycles per

second3 S -Shoran distance in miles

Where maxizmu accliracy is required, it is also necessary
to apply a "timing non-linearity correction." This error results
from slight irregularities in the functioning of the "phase-advance"
devices which form a constituent part of each timing advance system.
The correction, which should never exceed *00006 mile, is furnished
in the form of tables or curves by the photographic unit if re-
quested in the specifications for photography.

I A rather large error in the Shoran measurements may be
introdneed by variation of the signal intensity in different sec-
tions of the field of coverage. This effect is caused by the fact
that one wave path travels directly from the ground antenna to the

I
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aircraft while a second travels from the ground antenna to the I
ground and is then reflected to the airborne set. The difference
in length of the two paths is too small to form two echo pulses on
the scope. Thq only effect is that the signal strength is in- U
creased, or decreased., depending on whether the two signals are in
or out of phase. If the intensity level during ground. station cali-
brating and the mean intensity level during operations are radically I
different, a considerable mean error in measurement may be experi-
enced. If one or -two identifiable points of known position are
available within the area to be mapped, this ani other types of I
systematic errors can be eliminated du&ring the map compilation pro-
cess. Otherwise, the constant, pori, ion of -the intensity error can
only be removed through adjuatmeit of an associated Shoran triangu- I
lation network, provided -that the same ground station calibration
installation is used for both the photography and the triangulation.
In Shoran-controlled photography of a relatively small area, for I
which a complex ahoran. triangualation net is not required and. is not
available, the constant error can only be estimated from past ex-
perience. The Air Force unit will make the necessary estimate if
requested. Errors caused by a deviation of intensity levels from
the mean, which cannot be controlled at present, must be expected.
Such errors can only be treated as random.

Another possible source of error is in the synchroniza-
tion of the aerial camera, the Shoral recorder, and the separate I
altimeter recorder that is used in most mapping operations. The
recorders, as presently designed, operate at, the end of the inter-
valometer pulse, whereas the aerial cameras operate at the beginning
of the pulse. In order to eliminate 'this time lapse, a special de-
lay circuit is placed between the intervalometer and. the recorder
and is adjusted until proper synchronr zation is obtained.. Very U
little error results if proper precaution is observed. However,
since each aerial camera-recorder insta.llation must be individually
calibrated, it is Important that this adju1'rnent be called for in
the specificat-ions for photography. Failure -to obtain good exposure
synchronization between. a1J. cameras will. introduce serious errors in
the resulting map.

It is also necessary to correct for an error which results
from the necessity for placing 'the airborne receiving and transmit-
ting antennas at different locations. The correction (designated
CAA) is eual to one-hp.lf the distance between the two antennas; Iit alwajs increases the Shoran measurement, and rarely exceeds .001mile. The value will be ftrni shed with the photography.

6. Velocity Correction to Shoran Distances. The airborne
Shoran set is an accurate time measuring instrument with mileage
counters so calibrated that when -the timing oscillator is tuned to
93,109ý5 cycles per second, 'the distance to each ground station is

I
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m read directly in miles. This calibration must assume a constant

propagation velocity for electromagnetic waves. However, the speed
of radio waves is depemednt upon atmospheric conditions and actu-
ally varies from point to point along the ray path. For this rea-
son, a "velocity correction" must be made to each of the Shoran
readsings. In Shoran triangulation, meteorological conditions are
accurately measured at the time of operations by flying a weather
observer airplane along the approximate ray path from the Shoranm airplane to each ground station. By recording temperature, hWaidity,,

and pressure at regular intervals along the path, true wave velocity
can be computed and the necessary corrections applied. In nonmal
photogrammetric mapping the refinment of weather observations at
the time of photography is not required. Sufficient accura3y is
usually attained by basing the velocity correction on average
meteorological conditions. The method of comrputing these correc-
tions, as later outlined, is based on the 'N .A .C.Ao Stanrard Atmos-
phere" with added mean U. S. anual vapor pressure at about 40o
latitude. The maximmr error in Shoran dist-AUces that will be in-
troduced by deviation of atmospheric conditions at any particular
time from thato represented by the "Standsrd Moist Atmosphere"
amounts to only about 1 part in 20,000. Errors of this magnitude
are ordinarily insigmificant in mapping operations. Greater accu-
racy requires velocity correction determinations by an experienced
weather officer using meteorological data observed at the +ime of
photography. These values are obtainable by the Air Force photo-
graphic unit but, if such refinement is required, they must be
called for in the specifications for photographY.o

7. Reduction to Ground Distance. The Shoran distance read-
ing, after correction for calibration rrrs and for variations in
the velocity of propagation, gives true distance along the curved
ray path between the airplane and the ground st&tioio TA order to
reduce this corrected Shoran distance to ground distance at sea
level, further corrections must be applied. These corrections are
necessary because of the geometric relationship between the curved
earth, the altitudes of airborne set and ground station, and the
curved path of the Shoran ray. The basic formula for the computa-
tion of the ground distance is as follows:

4r 2  sin ( _ (H 1  _ 2a.

M tRa, arc ain sin:2(I

where M * Ground distance in miles

Ra - Mean radius, in miles, of earth along the
line being measured

r - Mean radius, in miles, of Ahoran ray path -I
3959[2_ .95(H1 .K 1 )J

L
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21 a Shoran reading, in miles, corrected for 
I

calibration errors and. for variations
in propagtion velocity 3

1 Heih&t, in miles, of airborne set above
sea level

K1 U Height, in miles, of ground station
antenna above sea level

Angular values in the previous equation axe expressed in radians.
The Ra team varies with mean latitude and azimuth of the line being
measured since the earth is a spheroid.

Another form of this equation is obtained, by makg
several assumptions, expanding the basic equation to a more usable
forim, and then correcting the resulting value by the use of charts I
or tables. Velocity and. calibration corrections can then be addedto produce equations of the following formz

N s -A (2)

ý0. 1 --r 10, • 8 "S~I

.6 3 0 _ c 4- (3)

Where N Ground. distance, in miles
8 a Uncorrected. Shoran distance reading In miles
A a Total correction to Shoran reading in miles

= Height of aircraft in feet
K a Height of ground station in feet
V a Shoran velocity correction in miles
C z Total electronic calibration constants in miles
B a Corrections for the various assunptions (values

from tables in miles)

Formula (1) or formiulas (2) and (3) will give equally
sood results but the use of the latter two will ordinarily prove
most satisfactory in phatogrammetric map compilation work. A de-
tailed discussion f the solution of fornulas (2) auk (3) by use
of computation forgs and. tables is given in Chapter V. I

8. Station Angles. The error in distance from the airplane
to either rond station is dependent upon the accuracy of the
Shoran system. The accuracy of position which results from the
distance measurenent to both roinm stations is further dependent
Upon the horizontal angle subtended, at the airplane by the grond. I
stations. The effect of "station angles" on position accuracy is

I
I
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POSITION ACCURACY

cme.

FIG. 2-11. EFFECT OF STATION ANGLE VARIATION ON SHORAN
POSITION ACCURACY.

I ~iliustrated in Fig. 2-11. In each case, point 1 is the 'true posi-
tion and point 2 represents the apparent location as determined by
Shoran measurements, all of which are assumed to be in error by
the same amount, E. If both distance measurements are either too
long or too short, position error is a maximum when station angles
are large and it is a minimrnu when station angles are small.
Where distance measurements contain errors of opposite sign, posi-
tion errors are a maximum when station angles are small. Since
random errors in the Shoran system are just as likely to be plus
as they are minus, the strongest position determinations occur
with station angles of 9g0 and the greater the departure therefrom,
the greater is the region of uncertainty.

The curves of Fig. 2-12 show the relationship between
station angles and position errors in terms of the Shoran distance
error, E. For example, with a 900 station angle and 100-foot
errors in the Shoran measurements, the resulting position is in
error by 1.41 times 100 or 141 feet. Had the station angle been
1200 and the errors in both measurements been of like signs, a
position error of 2 times 100, or 200 feet would result. In order
to exercise some control over the magnitude of the umavoidable
error present in locating a point from two Shoran measurements it
becomes necessary to plebe limits on the station angles. Angles
of from 600 to 1200 are presently considered desirable for mapping
photogmphy. Large deviations frtc these limits should be per-
mitted only after consideration of the possible effect on map

* accuracy.

I
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e 9posure. (sera-lte ltet reorder ishua.Jtly ped photog-
rapry for use in a otorevametrs c mapping Is performgh in the normalmariner with about 56 percent forward overlap between exposures and

fifteen to thirty percent lateral overlap between flights. Expo-
sure of the Shoran recorder at the instant of each aerial exposure
provides the data necessary for computing the map position of each

exposure. (A separate altimeter recorder is usually employedl to
provide-more accurate values-of flying-height than those obtain-

able from the Shoran recorder altimeter.) Wheie only the distance
between ground stations is known, exposure positions relative to
the ground stations are determined. The information so obtained.
permits the preparation of a map, but since absolute position is
unavailable, latitude and longitude cannot be shown. However, in
the more usual case the ground stations are situated at, or tied.
to, first- or second-order triangulation stations, thus permitting
the preparation of the map complete Nith parallels and meridians.

Random errors in the Shoran system prohibit absolute re-
liance in any one position. Maximun map accuracy depends upon
scaling groups or strips of photographs to the best average fit of
the corresponding Shoran positions. For example, in multiplex
mapping a strip of about six models is first adjusted as a unit to
obtain correct relative orientation. Next, the strip is scaled to
the best mean fit of all Shoran points concerned. Detailed pro-
cedures necessary in the application of Shoran control to multiplex
and slotted. templet mapping methods are outlined in later chapters. I

I
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32 Shoran coordinates represent the map position of the air-

plane at the instant the aerial negative was exposed. Since the
correspondig point on the aerial photograph is represented by the
plumb point, it is extremely important to have a knowledge of photo
tilts. Use of the photo principal points instead of plumb points
(which implies no tilt) may introduce considerably more error than
is inherent in the Shoran positions. In areas where considerable I
identifiable vertical control is available this problem is not
serious. If vertical control is not available special techniques
for recovering camera tilts must be employed in order to obtain
maxim=m map accuracy. The multiplex solution to this problem re-
quires the use of additional photographic flights at right angles
to, and spaced at intervals of about each six exposures, along the
regular mapping coverage.

10. Shoran Line Crossjn.e. Another application of Shoran is
its use in determining Uistance between two ground stations by a
procedure known as the "line-crossing method." In this method., the
airborne set is flown across the line Joining the ground stations.
Since the Shoran dials continuously read. the distance to each ground
set, the sum of the distances is a minimum when the airborne station
is directly over the line. When the ground distance corresponding
to each half of this minimum reading has been computed, the sum will
be the required geodetic distance.

A• the airplane a-r .raches the line to be measured the sum
of the distances to the ground. stations continually decreases to a 3
minimum at the actual poi:-t, of crossing, and then again increases
as the plane continues on its course. If the sun of the distances
is plotted. against the time of observation, a curve of the type 3
shown in Fig. 2-13 will result. The minimum point of the curve re-
presents the true Shoran sum distance at the point of crossing.
During operations the necessary data are collected by actuating the
Shoran recorder at a uniform rate of one exposure every two to
three seconds. Several random errors in the Shoran system, includ-
Ing the inability of the airborne operator to maintain pip aline- I
ment, may cause the dial readlings to be either too large or too

small at any instant. To minimize these errors, the sum distances
for about fifteen readings on both sides of the crossings are fitted. I
to a parabolic curve by the method of least squares. The minimum
point of the resulting curve thpn gives the most probable value for
minimum Shoran distance.

If ground stations are situated at the corners of appro-
priate figures and all distances measured by the line crossing I
method., there results a triangulation arc in which the lengtbs of
all sides are known. To gain maximum accuracy, complete meteoro-
logical data are obtained at the time of operation and all possible U
refinements are included in the computational and calibration U

I
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I procedumrs. Lines varying from fifty to over five hundred miles in
length may be measured . Tria tion of low seown-order accuracy
is presently being obtained and., as better equipmet an further
experience is gained., it is expected that first-order accuracy will
becamne possible.

I
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CHATR= III

OPURATICaL PLUMINIG

1. General. The planning and execution of Shoran operations
is a respons'T lity of the Air Force. It is, however, necessary to
have a thorough understanding of same of the problums in ordg to
prepare workable specifications. Requirements for Ekoran-controlled
photography may be separated into three general headings:

a. Mapping of an area not now covered with suitable map-
ping photography.

b. Control for an area where existing photography is

considered adequate.

c. Positioning of targets or secondary control points.

In the first two instances the ultimate objective will
normally be the preparation of accurate maps at scales of about
1:50,000. The third type is used in mapping work to position pic-
ture points at intervals of thirty to fifty miles. These points
then become the control for small-scale maps that are to be pre-
pared. from existing vertical or tri-metrogon photography.

Use of Shoran-controlled photography in areas not pro-
viously covered with suitable mapping photography will be the
problem most often encountered and is the one requiring the most
detailed plaming.' It will also be found that absolute positions
of the ground stations usually will be required in order that the
final map can be correctly positioned with respect to a knowvn
datum. The present chapter places emphasis on this more general
type of planning. If the preparation for this type mission is
fully usnderstood, little trouble will be encountered in planning
other kinds of Shoran photogranmetric operations.

2. Preparation of Work Sheet. As in all aerial photographic
planning, the best available small-scale map of the region is used
as a work sheet. Strategic maps and aeronautical charts at scales
of 1:500,000 or 1:1,000,000 serve the purpose very well, although
other scales may be needed in individual cases. The area to be
photographed is first outlined on the map. Next, all existing
first- and second-order horizontal control both within and sur-
rounding the area for a distance of 100 to 200 miles is examined
with a view towardl the selection of possible ground static poi-
tions. Third-order positions, where the surveys have not be
carried for long distan ces from their tie to higher order stations,
are acceptable but are not so preferable as points of higher aocu-
racy. Although the Air Force unit will make the final selection of
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ground positions, Engineer specifications must indicate the desired I
approximate locations and, if possible, should include alternate
select ions.

Existing control is given first consideration in the se-
lection of possible ground locations. Where t proves impractical
to locate the Shoran stations exactly over control points, they
should. be placed. so as to reduce to a minimim the amount of survey-
ing needed to establish the positions and elevations. Two ground
stations will normally be sufficient unless extensive photographic
coverage is required. They mnst,, of course, be selected so that
the photographic airplane will always be within Shoran range of both I
ground stations, and every effort should be made to keep station
angles throughout the area betwmen the limits of 600 and 120P. In
ground site selection. the advantages of Shoran flight line naviga- I
tion also should. be considered.. Since the straight line indicator
probably will be used, the "base line" between the ground stations
should roughly parallel the desired direction of flight. If arc
navigation is to be employed, an effort must be made to select
ground stations so as to give the most effective layout of flight
ies In this respect, it is well to avoid stations that wouldI

introduce very short flights of from two to five pictures across
the corner of an area. Under optimum conditions two ground stations
will permit coverage of a rectangular area of about 9,200 square I
miles on each side of the base, assuming ground stations at sealevel and. a flying height of 20.,000 feet.

The use of ground station locations that require working
near the extreme range of the equipment may somettmes cause trouble,
since the signals may have a tendency to become weak and fuzzy. On I
the other hand, .horan position errors caused by errors in the de-
termination of true flying height and ground. station elevation may
become serious when photography is accamplished closer than about I
50 miles to either ground station. Internal map %ccuracy will
suffer from operations too near the ground, stations unless special
precaution is taken to obtain accurate values for the difference in I
flying height between exposures. For this reason, it is preferable
to select ground stations so that no part of the area to be mapped
will be less than about 50 miles from either station. It should .
also be remembered that, other things being equal, the nearer sta-
tion angles can be kept to 90°, the greater will be the inherent
accuracy of resulting Shoran positions.

3. Geometric Considerations. The first requirement in the
selection of locations for ground stations is that the entire area I
be within Shoran radio range. This is determined by substitutions
in the range formnla of paragraph )4, Chapter II, or through use of
the nomogram •hown in Fig. 3-1. In preliminary planning, the for- I
mula may be simplified to the form: I

I
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NOMOGRAM FOR MAXIMUM SHORAN RANGE
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where R = Horizontal range in miles
H a Flying height in feet above general ground

level
K = Height in feet of ground station antenna

above general ground level

The shaded portion of Fig. 3-2 illustrates the possible area of
operations from two ground stations (A and B) where the range of
the equipment is the sole consideration. If ground stations are
at different elevations, it is necessary to compute separate
range values for each station.

FIG. 3-2. RANGE LIMM!ATION ON SHORAN COVERAGE FROM TVO
GROUND STATIONS.I

The work sheet is also used to determine whether or not
a pair of ground stations will satisfy the condlition that station
angles be maintained between 600 and 1200. The locus of points
subtending any augle.,o, between two stations is a circle passing
through two stations having its center on the perpendicular bi-
sector of the line joining the stations., and having a radius equalW
to 7 -sinoc' where W is the distance between the stations. The

shaded portion of Fig. 3-3 shows the area within which suitable
station angles can be obtained. The radii of the limiting circles
are determined by substituting 600 and 120° in this formula; a
circle representing the location of the strongest possible station
angles can be obtained by substituting 900.

I
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SFIG. 3-3. AREA COVERAGE AS D = BY STATION ANGLE
LIMEAT IONS.

I Where the area to be photographed is comparatively small,
the selection of ground station positions usually is qufie simple.
Several possible combinations of station locations can often be
spotted after a quick study of the existing control network.
Range suitability is verified by comparing distances taken from
the nomogram with distances scaled from the map. In the station
angle test positions are, of course, considered in pairs. The
area corners at which station angles will be a mnInimum and a mazi-
'mui are usually determinable by inspectioh. Angular values are
then computed by the formula:

I C os = MI2 +M22 2w 2

where MI and M2 = Distances from ground stations
W = Distance between ground stationR

Here Win, scaled distances are normally sufficient.

4. Positionim g of Ground Stations for Maximum Area Coverage.
If large areas are to be photographed an& several ground station
sites are needed, the planning becomes somewhat more involved. In
areas with little or no existing control, provision must be made
for tieing the stations together either by ground or by Shoran
triangulation. Even in areas where existing control is available
the distribution of points will not usually be suitable for maxi-3mum efficiency in the Shoran photographic operations. Careful

Ii h hra ae~
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pila•img is require& to obtain the proper balance between the I
amiont of triangulation and leveling to be performed and the
ideal ground station layout. Normal optical triangulation is slo
an& costly and., in areas 'here existing points are available, it U
m be wise to make these points serve. However, poor distribu-
tion necessitates the use of more ground station sites, and this
results in the inconvenience of moving the ground equipment from
station to station as the photography progresses. More Important
then this is the fact that sufficient equip••nt and personnel ayW
not be available to operate more than a few stations at one time. I
This, in turn, limits the possible area coverage m the rather
rare days when photogralphy is possible. Cawsid-erable time is
saved vhe the aircraft have a large area in which to operate and I
can choose alternate photographic areas when scattered. cloudA in-
terfere with original plans. The time lost by an entire mapping
org•nization in waiting for delivery of photography may be far I
more costly in the long run than the surveying required to obtain
an efficient layout of ground stations.

The limiting effects of station angle's and range on areqý
coverage for one side of the base are illustrated in Fig. 3-4.
Positions of the arcs representing the angular limits are depend-
ant only upon the distance between stations and upon the angle,
'while the Shoran raVge from given stations is depedent only upon
flying height. Above certain m•niman altitudes a& with a given
station separation, the Shoran ranae will have no effect upon the I

I
l
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I

I
FIG. - LDG =T1ss OF kAT IO AiD BAn % O I
THE POS3BTZ AM•k OF SZbRA? COVERAG (aix sID OF BASK Li•n). 1
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SFIG. 3-5. IDEAL REIATION BETWEEN GOMID STATION SEPARATION
AND SHOI4N RANGE FOR MAXDtI4 AREA COVERAGE.

area of coverage, since the circle representing minimum allowable
angle will be entirely within the range of both stations. In
order to cover a maximum area the relation between these variables
should be as shown in Fig. 3-5. Here, the minimum angle arc is
tangent to the ma-imum range arc. Since the flying height is
usually determined by the characteristics of the desired
since the minimum desirable station angle has been set at 600, it
becomes necessary to arrange the distance between ground stations
so as to attain maximum coverage. This ideal separation of the
ground stations is obtained by combining the range and station
angle formulas as follows:

W = Rsin 0C

1 = (l.56 sin-) (36 B c)

or for oc = 60

U w = .8ýR = 1.2 (' * A )
5where W = Separation, in miles, of ground stations for

maximum area coverage
R = Shoran range in miles
I - Minimum allowable station angle
H = Flying height in feet above ground level
K = Height in feet of ground station antennas

I above ground level

I
I
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The formula assumes both ground stations to be at the same height,
K. This introduces no serious errors in preliminary plrming ua-
lses there is a considerable difference in height. It may also be U
helpful to note that, under these conditions, the formula for the
distance from the center of the area to each of the ground stations
is:

14 - .64iR r- .83( *I

where M - Distance, in miles, fram ground stations to
area center for maximim coverase

R, H, & K as before

Under these maximum conditions the possible area of coverage in
square miles for one side of the base is given by the foxmula:

A -- .4R2 = .89(H .K) 4 1.78 -m

where A a Area in square miles
R, H, & K as before

The entire area between the limiting circles meets the
geometric requirements for Shoran-controlled. photography. The
shape of the area., however, is such that part of it will not ord. -
ne ily be used. Normally, the principal interest will lie with the
largest rectangular area that can be placed within the circular
limits. Fig. 3-6 represents such a rectangle. The various re- i
lationships are as follovs:

S2 1.36( v'- * v '-) I
W =.87R =l.2( VT-~~)

Sl = .707o - .96( " -

82 a .35R a AN4~ vy*

A a .25R2 - .•601 + K) .93 vm

where SI a Length, in miles, of side parallel to base
S2 a Length, in miles, of side normal to base 3

If arc navigtion is to be used, the largst possible rectangular
area of coverage will be as illustrated in Fig. 3-7. Rectangular
areas W9i. 3-6 and 3-7) also have the advantage of being far I
enough from the ground stations to introduce no serious trouble
from the inability to establish exactly the true photographic fly-
img height.

I
I
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FIG. 3-6. ARANG1E•ENT OF SHORAN GROUIND STATIONS FOR MAXIML14
RECTANGULAR AREA OF COVERAGE (ONE SIDE OF BASE LINE).

I
I
I
I

FIG. 3-7. LIMITATICK OF MIND4IM RADIUS FOR FLIGhT LINE NAVI-
GATION ON MAXIMUM REOTANGULATR AREA OF COVERAGE.

I
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Ground station arrangements for still larger tracts will
depend upon the size and shape of the area and the layout of exist-
ing control. In such instances, an effort should be made to use I
the areas on both sides of the base. Fig. 3-8 illustrates an ex-
cellent arrangement for three pairs of stations. With this ideal
layout, the entire state of Pennsylvania could be covered with I
Shoran-controlled photography from about 20,000 feet. The best
station arrangement for any large area will ordinarily be an ex-
pansion of this basic 6-point solution. I

I

AI

B, B2  B6 •
Areas I and I' Covered by Stations A, and 8, I

" 2 2' " At 2" 3 " 3' " A3  " 3

FIG. 3-8. SHORAN GROUND STATION LAYOUT FOR IARGE-AREA
COVERAGE.

5. Obstructions to Wave Path. Since Shoran waves travel in
approximately straight lines, hills and mountains along the pro-
posed route from the ground stations may interfere with signal re-
ception at the aircraft. In operations at nearly maximum range,
the wave path stays very close to the ground for a considerable
distance and, when the ground stations are above sea level, the
waves may even travel for some distance at elevations lower than
those of the stations themselves. Before final selection of a
ground station position it may be necessary to determine whether
or not the wave path will clear various obstructions at critical
points along the proposed route. In rugged country it may even be
desirable to prepare a profile between the ground station and the
aircraft for comparison with the plotted position of the path.
The following formula is used to find the elevation of path at anypoint: 3

h = K#H . M - .53eSl(M - M1 )

I



I
47

I whre" h a Height in feet above sea level of path at a
distance K1 from ground station

K z Height in feet of ground station antenna
above sea level

H - Height in feet of aircraft above sea level
K - Distance in miles from ground. station to air-

craft
Ki= Distance in miles from ground station to

I obstruct ion

Values obtained. by this method must be used. with caution, since
the formila is only an approximation. Various phenamena concern-
ing electromagnetic wave propagation are not yet fully understood
and, therefore, preclude reliance in any method of predicting path
height. Values from the formula are probably conservative, but
they should. be accurate to within about t500 feet in elevation
under the conditions most likely to be encountered.

I Another case that may often be encountered is illustrated.
in Fig. 3-9. Here, the ground. station position is fixed as a re-
sult of other considerations and an obvious obstruction limits theSmaximum range to a smaller value than would be given by the formula
of paragraph 4., Chapter II. It may still be desirable to know how
far from the ground station the aircraft may work under given con-
dlitions of flying height. This answer is given by solving the
previous height of path formula for M and. substituting M - R.

I
MAXIMUM RANGE

PROPOSED FLYING HEIGHT---------I
I

GROUND

I nIG 3-9. L=X]•IG Kr OF AN a3=rWT ION ORq SHORAN MM I-
W Wa.
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R 1 M .85(k..-)] M*l8~.~)~ 1 ] 2 . 1.85(H-

where h u Height in feet of obstruction
K = Height in feet of ground station antenna above

sea level
H - Height in feet of aircraft above sea level

Mi = Distance in miles frcm ground station to I
obstruction

R a Maxi•m range in miles 3
When no maps are available fron which to obtain the

height of the obstruction (h), observations of vertical angles at
the ground station site will furnish valuable information. The I
tangent of the vertical angle then can be substituted for the

( h term in order to solve for range. Under these conditions

it may also be necessary to use an estimated value for MI. Care
should be taken to use the tangent as a negative quantity in the
event that the observed vertical angle is minus.

6. Final Selection of Ground Station Sites. A tentative
selection of ground. station positions having the required geometric I
and range relationships may be made from the work sheet. This
study, however, is only the first step. Air Force electronics
specialists must make a further analysis to assure suitability from
the standpoint of radio reception. Since terrain conditions in the
imadiate neighborhood of the ground station have a considerable
effect on Shoran transmission characteristics, an on-the-spot re-
connaissance of each site is normally required. It will sometimes
be found that terrain conditions are much more suitable at some
spot a short distance from a control point than they are right at
the marker itself. When this is so, the survey tie between marker
and antenna is usually a simple operation that will not prohibit
the use of the more desirable location.

A field examination of the various possible sites is also
needed to evaluate their comparative merits as to accessibility.
Easo of transportation is a major consideration both in the initial
placement of equipment and in the maintenance of adequate supplies
of food, water, gasoline, and replacement parts, As placement and
operation of ground stations is an Air Force responsibility, loca-
tions at, or near, airfields are the most desirable. Normally, all
equipment is flown in cargo planes to the nearest airfield and it
must then be hauled in jeeps or sall trucks to the station site.
This haul by surface vehicles should be kept to a minimum. Exist-
ing trianglation points are often located on high ground, and for
this reason they may be very desirable from the standpoint of Shoran U

I
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U range. However, this same fact may limit the facility with which

the necessary equipmt can be transported to the site. Ground
station equipment, together with radio equipment used. in maintain-
ing commrAication with the Shoran aircraft and base of operations,
weighs aboft 3,000 pounds. Cansiderable housekeeping equipment
will, also be needled unless the site is located near a town or a
military establishment. The total weight of all equipment, living
facilities, and provisions for about 2 months is close to 9,000
poimds. In an emergency, two men at each station can furnish in-Itermittent Shoran service, but the usual complement is five. If
guardn are needed., the required complement will be still greater.
The :Length of t necessary to complete the mission at a station
will2 depend upon the required amount of photography and upon the
frequency with whic-& good photographic days occur. If an extended
stay is needed and if the transportation route is difficult, the
supply problem may become serious.

Consideration also should be given to the facility with
which comunications can be maintained with headquarters and with
sources of supply. In out-of-the-way places, the communications
radlioa must serve this need; therefore, thought must be given to
the radio transmission characteristics of the station site. The
possibility of obtaining telephone service should be considered
when the system is operated in populated areas.

7. Preparation of Flight Maps. The Air Force units will
nornally prepare the necessary flight maps although, where special
-photography is needed, such maps may be included as part of the
specifications for photography. If arc navigation is to be used.,
I flight paths will'appear as arcs about one of the ground stations.
Straight line indlicator flights will roughly parallel the Shoran
base. Flight maps supplied by the Corps of Engineers will be on a
scale suitable for showing the boundary of the area to be photo-
graphed, the desired flight paths, and the proposed ground station
sites, While these maps may not be suitable for use during the
actual aerial operations, they will serve as a basis for planning
by the photographic unit.

I
I
I

I

I
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SCBAPTER IV

AERIAL PHDTOGRAPHY

1. General. The photography obtained during Shoran opera-
tions must meet specifications for mapping coverage. In all cases
tilt and crab should be held to a minimum, and forward overiaps
should be kept within the range of fifty-three to sixty percent.
Calibration of the camera level bubble should be checked regularly
to avoid introducing any constant tilt into the photographic strips.
Flight lines must contain a minimum of six exposures, since the
mapping procedures require that the photography be scalec to the
best mean fit of several positions. When any part of a flight is
rejected, the unacceptable portion must be covered by a reflight
which overlaps each end of the acceptable portion by at least four
exposures. The specified lateral overlap between parallel flights
should be large enough tc guard against gaps in the coverage and
yet not unduly increase the number of required exposures. Where
visual methods of flight line navigation are to be used, a side lap
of twenty to thirt., percent will be required, although the use of
Shoran navigation should reduce this requirement to about fifteen
or twenty percent. In addition, if the terrain is characterized by
large elevation differences and if a 6-inch focal length camera is
to be used, 1 percent should be added to the specified overlap for
each 1 percent of ground. elevation difference when considered as a
percentage of the flying height. It is also desirable that vertical
deviations of the airplane be held to an absolute minimum. Shoran
computations are greatly simplified by assuming a constant flying
height for large blocks of photographs, but this can be done only
when the individual exposures are within about t 100 feet of the
mean.

2. Aerial Cameras, The use of a precision aerial camera is
an important part of the Shoran operations. Most areas to be
covered by this work will contain very little existing control,
either vertical or horizontal. Though Shoran furnishes only hori-
zontal positions, the final map accuracy is largely dependent upon
the ability to recover photo plumb points successfully. Frequently,
an effort will also be made to show contours or form lines on the
final map. For these reasons, the photography my have to be used
to bridge between widely separated vertical control points or even
to establish elevation differences from a knowledge of the altimeter
readings appearing on the recorder film. This type of work can be
accomplished by multiplex methods with a fair degree of satisfac-
tion but only when an accurately adjusted calibrated camera has
been used. Where a photogranmetric determination of flying height
must be made for use in the reduction computation, a knowledge of
the exact calibrated focal length and frame dimensions is mandatory.
The Air Force Type T-5 or T-11 cameras are ideally suited for Shoran
photography.I

I
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3. Recorded Information. The data appearing on the recorder I
film supply a large part of the information used in computing the
Shoran position of each exposure station. In order for this infor-
mation to be of value, the film in both aerial and recorder cameras
must have been exposed at the same instant and with exposure coun-
ters synchronized for proper cross reference. Even though the sam
intervalometer operaterý all cameras (Shoran recorder, altimeter re- I
corder., and aerial camera) , undesirable design features of the pres-

ent equipment would cause the recording film to be exposed at some
constant time interval later than that of the aerial camera were it I
not for the use of a delay circuit between the recorder and the in-
tervalometer. The amount of time delay necessary varies with differ-
ent camera-recorder-intervalometer combinations and, therefore, re- I
quires the calibration and adjustment of each installation. It is
Important that this adjustment be called for in the specifications
for photography. Sometimes the counters may fail to operate proper- I
ly and cause different numbers to register on simultaneous exposures
from different recorders. If this occurs, recourse must be made to
an examination of the time indicated on the navigation watches that
appear in all exposures.

The mechanical linkage between the timing unit and the re- I
corder occasionally produces an even 10- or 100-mile error in one
of the recorder distance readings. Any such errors usually are
introduced before the start of a mission and remain constant through-
out all exposures. To guard against map errors from this source,
the photographic specifications should call for a tabulation of the
distances indicated on the timing unit at the instant of one expo-
sure near the beginning and another near the end of each mission.
A later comparison of these manual readings with the recorded dis-
tances will indicate immediately whether a onstant correction must
be made.

The recorders are designed for use either with photography 3
or In the gathering of data for Shoran triangulation. The inforima?
tion actually used in photogranmetric mapping is obtained from the
distance counters, the exposure counter, the altimeter, and the
data card. Fach Shoran recording also shows a clock, a thermometer,
and a compass giving the heading of the aircraft, for use pri maily
in the line-crossing operations. Recorders being developed will
provide the following additional information:

a. Error meter. I
b. Tilt indicator.I

c. Differential altitude.

d. Radio altimeter. I
I
I



e. Air speed. indicator. 
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f. Psychrometer readings.

The error meter will furnish information concerning pip alinement
at the hister.t of each exposure and thus will permit corrections to
the Shoi-aa positions that will undoubtedly result in improved accu-
racy. If a tilt indicator with sufficient asccracy can be developed,
it will mrovide a simple method of recovering photo plumb points
without recourse to ground elevations. A knowledge of differential
altil .di L of radio altimeter readings may be of value in bridg-
ing or extending vertical control. The remaining additional read-
ings are being included to supply meteorological data for use under
conditions in which the utmost accuracy is required. Since an al-
ternate selection of recorders may be available to the photographic
unit., it is advisable to state requirements in the photographic
speci fications.

4. Special Flight Plans for Use tu Areas of Lnmited Vertical
Coritrol. Since Shoran positions are effective at the photo plumb
points, errors in tilt determination axe reflected directly as
ercors in horizontal position. The following table lists the plumb
point displacement introduced by tilt errors for photography fromSvario s flying heights.

I Plumb Point Displacement at Vaxious Flyirg Heights

Tilt 5,000 Ft 10,000 Ft 20,000 Ft 50,000 Ft
Error (ft) (ft) (ft) (ft)

00 05' 7 15 29 44
0i0 Q 15 29 58

0 305 44 87 175 262
10 00c 87 174 349 524
20 O02 175 349 698 1048
50 002 262 524 1048 1572

A stud.y of this table indicates the large emphasis that mast be
placed on the problem of tilt determination. During the photographic
operation every effort must be made to keep the aerial camera as
near level as possible, especially in areas where the available
vertical control is insufficient to permit recovery of the plumb
points on a large percentage of the photcgraphs.

In order to eliminate these tilt errors as nearly as possi-
ble, a unique procedure requiring special photography is used for
multiplex mapping of areas with scanty vertical control. Fig. 4-1
illustrates the necessary layout of flight lines for an area coverageI

I
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mission. The terrain is first photographed in the normal manner
with overlapping photos, parallel flight lines, and with Shoran
recordings obtained for each exposure. The necessary a•dditional I
photography consists of cross flights at intervals of about each
six exposures along the parallel coverage. Cross flight photogra-
phy should contain the usual fifty-three to sixty percent overlap, I
and should be taken from approximately the same height as the regu-
lar coverage. Since flying height differences are used in the de-
termination of tilts, it is necessary that the use of an accurate, I
well-adjusted altimeter be specified when this type of photography
is requested.

The manner in which this special flight plan serves to
provide multiplex model orientation can be explained by reference
to Fig. 4-2. The two auxiliary flights (1 and 2) are first used to I
obtain lines of correct relative elevations at each end of flight 3,
and at right angles to it. Flight 3 then is oriented in the direc-
tion of flight by use of altimeter readings, and in the tilt (Y) I
direction by reference to the lines of relative elevations that
were established from the cross flights. Auxiliary flights must
always contain a minimun of six exposures and should preferably I
extend at least three exposures beyond the center line of any flight
with which they are to be used.

Flight plans for other types of photogramnetric missions
(control point, cross flight photography, and the like) in areas
with little or no vertical control are developed in the same general I
way. All are based on the fact that quite reliable values for the
tilt components in the direction of flight can be recovered if
values of flying height differences are known. This, in turn, per- I
mits lines of relative elevations to be established along the strip
center lines. i

5. Control Point Photography. The flight plan for control
point photography is shown in Fig. t4-3. Tilt recovery is facili-
tated by the flight line arrangement. The use of two strips also I
permits a check on the resulting control point position. Each
flight must have the normal overlap of from fifty-three to sixty
percent between photographs and must extend at least three exposures I
on each side of the point of intersection. The angle between
flights is not critical and deviations of as much as 250 from the
optimun 900 can be tolerated. Since camera orientation probably I
will not be recovered perfectly, increases in flying height will
increase the position error. The magaitude of such errors, how-
ever, usually will be of very little consequence in the type of I
work for which control point photography is suited.

Sometimes the exact feature to be pin-pointed is covered i
in the specifications but frequently only the general area is I
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I IF
I 6 Exposures 6 Exposures

1, 2,3,4,5,6 Represent t of regular Shoran controlled mapping flights.

7,8,9 Represent t of auxiliary flights used in areas where exist-
ing vertical control is insufficient to permit absolute orientationi In normal manner.

FIG. 4-1. FLIGHT PLAN FOR USE INI SHORAN MULTIPLEX MAPPING
OF AREAS WITH LITTLE OR NO VEIFICAL CONTROL.

I
I
I

i a Exposures

I Flight 3- . of basic Shoran photographic strip.

1 0 2- t of auxiliary flights used in obtaining absolute
I orientation of flight 3.

I
FIG. 4-2. FLIGHT PLAN USED FOR OBTAINING ABSOLUTE ORIENTA.-
TION OF ONE PHOTOGRAFHM STRIP BY THE METHOD OF FLYING HEIGHTDIFFERENES.

I
I _
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I
L I

Control Point I

4of required flight strips I
I
I
I

FIG. 4-3. FLIGUT PLAN FOR CONTROL POINT PHOTOGRAPHY.

designated and the detail point is selected during a short air-
borne reconnaissance just prior to obtaining the photography.
Readily identifiable points such as stream intersections, pecul-
iarly shaped lakes, and the like must be chosen so as to permit
easy recovery on both-the Shoran and the basic mapping coverage.
Flights are then arranged so as to bring the detail point close
to the intersection of the two center lines. The density with
which control points are needed depends somewhat upon the map
accuracy requirements although a spacing of less than about every
30 miles is seldom warranted. Where greater map accuracy is re-
quired from the basic coverage and a closer spacing of points
would normally be indicated, Shoran-controlled cross flight photos-
raphy will be found to be the more satisfactory solution.

6. Shoran Cross Flight Photography. It may occasionally be
desirable to use Shoran in controlling areas for which existing
uncontrolled vertical photography is available. In these instances,
the Shoran photography will be flovn in Strips normal to the exist-
ing coverage and spaced at intervals of about each six exposures I
along it. To be of value, the Shoran flights at each end of the
area must be positioned far enough inside the boundaries of the
existing coverage to assure stereoscopic recovery of the pass
points that will be selected for control. It is also important
that forward overlaps in the cross flights be between fifty-three
and sixty percent. If multiplex compilation methods are conteri-
plated and if insufficient orientation data are vailable, I
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I
I

Spacing of 6 exposures as I
based on Shoran photography I I

I

rSpacing of exposures
I I I

I I I

I3
IRepresents t of existing uncontrolled vertical arial photography.

Flights 1, 2,3 Represent t of Shoran controlled vertical photography used In establishing
horizontal positions.

I Flights 4,5 Represent 4. of auxiliary Shoran photography tor use in establishing absolute
orientation of basic Shoran flights I, 2,3.

I __ __ __ __ __ __ __ __ __ __ __ __ __ __

FIG. 4~-4. nL=H PLAN FOR USE fIN APPLYING SHORAN TO AREAS,
WHERE UNCONTROLL!-) PHOTIOGRAPHY IS AVAILABLE AND WHERE

VERTICAL CONTROL IS LIMITED.
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auxiliary flights at right angles to the basic Shoran flights
(parallel to the uncontrolled flights) will be required to establish
orientation. Fig. 4-4 illustrates the proper layout of such a plan. i
While the auxiliary flights must be unbroken for about three expo-
sures on each side of the basic control flights (1, 2, and 3 of Fig.
4-4) it is not necessary that they be continuous throughout their
entire length. The auxiliaries will not be needed at all if suffi- I
cient vertical control is available or if the existing photography
is accompanied with good altimeter readings which will permit tilt
recovery at right angles to the control flights. Shoran cross
flight photography should be used only with uncontrolled photography
which meets specifications for Epod mapping coverage. It is espe- i
cially important that the existing flights be free of breaks that
would prohibit bridging between the control strips.

7. Requests for Velocity Corrections. Where a very high de-
gree of accuracy in positioning the photography with respect to
Shoran ground stations is required, velocity corrections as computed i
from meteorological conditions at the time of operations must be re-
queste& in the specifications for photography. Velocity tables in-
cluded in this manual list the necessary corrections as based on I
"average" cond-itions in the United States at about 40° latitude.
Distance errors introduced by use of these tables will amount to no,
more than about 1 part in 20,000 for Shoran missions anywhere in 1
this country, even with maximum deviation from an average atmos-
phere. When Shoran is being used in other parts of the world, it
may be necessary to consider these errors. Consultation with Air I
Force meteorologists usually will reveal the possible effects on
distance measurements at the time and place of the proposed oper-
ations. Since several methods for observing atmospheric conditions I
are available to the photographic units, only the accuracy required
in the velocity corrections should be stated in the photographic
specifications.

8. Installation of Aerial Camera. If the aerial camera is
located in the aircraft at any position other than half-way between
the Shoran antennas, an otherwise unnecessary correction must be
applied during later position computations. The required correction
is equal to the displacement of the camera from the mid-point and it I
must be applied in a direction that is dependent upon the heading
of the aircraft at the instant of each exposure. Requests for
photography should stress the need for camera installation within I
at least a foot or two of the optimum position, if at all possible.

9. Specifications for Photography. The specifications for
Shoran photographic operations are best worked out in cooperation
with the Air Force unit which is to do the flying. Complete coordLi-
nation by means of constant liaison is required to assure maximum I
utilization of the control data. Requests for photography should I

I
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include the following information (as requirummts ccmcerning

aerial photography will vary with the mission at hand, the list is
not necessarily complete in this respect). Notes in the margin re-
fer to chapter and paragraph numbers where detailed discussions mayi be found.0

a. An outline of the area to be photographed

on the best available map, in triplicate.

be Type of mapping camera to be used. IV - 2

I c. Required photo scale or flying height, IV - 1
with allowable tolerance.

d. Required forward and side overlap. IV - 1

e. Maxi-mim allowable tilt and crab. IV - 4

f. Aerial and recorder film required.

go Number and kind of prints desired.

- h0  Period during which work is to beI performed°

i. An indication of existing ground control III - 2
and desired sites for Shoran ground stations.

J. Accuracy required in locating and III - 2
referencing Shoran ground control stations.

Sk. Whether or not base line length is to be I - 8
established, by the Shoran lL.e-crossing method.

1. Requirement for synchronizing exposures II - 5
of all aerial and recording cameras.

M. Requirement for installing aerial camera IV - 8
relative to transmitting and ieceiving antemnas so that
no error results, or for supplying a correction factor.

I n. Request for the following data:

(1.) A statement as to which ground sta- II - 3
tion each of the mileage counters refer.

(2) Delay of each ground station (Gd). II - 5

(3) Airborne timing oscillator II - 5
frequency (F) .

I
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(4) Airborne zero readings (Rz) e, start 1T - 5
of each mission or when operators are chaiigs n =Ing
a mission.

(5) Chart or table of velocity correc- II - 6
tions (Vt if applicable.

(6) Chart or table of timing non- II - 35
linearity corrections (CT).

(7) Corrections for separation of air- II - 5
borne tranmitting and receiving antennas (CAA). -

(8) Manual readings of distance counters IV - 3at instant of one exposure near the beginning and
the and of each mission.

(9) Correction for installation of IV - 8 I
aerial camera (D), if applicable.

(10) Information needed for correlating IV - 3I
aerial and recording camera exposure nuzbers.

(11) True flying heights (R), if VI - 1
applicable.

(12) A 5•harn operational log reporting
operational details of the camnera, recorders, and
airborne Shoran sot. I

(13) Eact aerial camera focal length IV - 2
and frame d.imanions between opposite fiducial marks. 3

0. Any other facts pertinent to mission.

A liaison officer from the Corps of Engineers should be
available to the Air Force organization to follow the progress of
the aerial photography and to explain the photographic requirements
to the Air Force unit, if necessary. A liaison officer from the
Air Force organization accomplahing the photography should be
available to the topographic unit from the delivery of the film
through the planimetric compilation stags to explain Shoran data
and photography, if necessary.

A typical set of specifications for Shoran-controlled
area coverage photography is included. in Appendix B. It represeMts
the type of work that can be requested. umder peacetime conditions,
in areas where adequate ground sites are available, and where opti-
miu operating efficiency can be maintalned.o
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I 10. Indexing. Proper indexing of the aerial and Shoran re-
corder film is extremely important. The information appearing on
the data cards of both the mapping and the recorder cameras must be
sufficiently detailed to permit positive cross reference, and any
data noted by the cameraman and the Shoran operator should be kept
with the film as an aid to later mapping operations. After the
negatives have been processed, much of the information gathered by
the cameraman Is inked upon each end of the film rolls by the Air
Force photographic laboratory as a permanent record. Details of
these film titles are prescribed in FM 21-25 and in Air Force regu-
lations, As a safeguard against separation, the 35-mm recorder
film should be wrapped around its corresponding aerial film roll
so 1nat both will be filed in the same container.

Upon receipt of the quick prints by the Engineer topogra-
phic milt, an index of the aerial photography is prepared. This is
best prepared by assembling a rough shingle mosaic with prints
trimmed t-o image edge on three sides but maintaining the recorded
data wnere a T-5 or similar camera was used. In area coverage mis-
sions with auxiliary cross flights, it is better to indicate the3 approximate centers of the cross flight prints by prominent circles
or crosses since tb use of the actual photographs would confuse or
cover information needed later in! the map compilation stage. Large,
easily read numbers are placed on each print, the appropriate title
information is placed adjacent to the assembly, and the entire index

is photographically reduced to a convenient size. Prints made from
the negative will serve for practically any purpose. Latitude and
longitude lines are usually drawn on some of the prints after the
coordinates of a few well-placed photographs have been computed.

I
I
I
I

I
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CHAPTIR V 

67

CCKMPOYTICKS

i° General. Mapping with Shoran-controlled a6rial photog-raphy requIiis7hmbr of computational steps in the conversion
fro& basic distance readings to usable map coordinateo. Printed
forms are provided to insure efficiency and consistency of method.
Mileage counter readings are first corrected for instrument cali-
bration errors and then reduced to geodstic distances through the
use of ground station elevations and the best available value for
aircraft flying height. Next, the reduced distances, together withthe length of the Shoran base line, are used in computing the posi-iton of each Shoran point. In. the usual case where positions of
groi4ad stations are known, coordinates of each point are cumputedl
on the standard Universal Transverse Mercator grid. However, this
ichater also includes an explanation of the special Shoran grid for
use in areas where the absolute location of the ground sites has
not been established.

The various computation forms covered in this chapter, to-
gether with a short explanation of the way in which each one fits
into the Shoran mapping procedure, are as follows:

Shoran

Form No. Title Use

1 Inverse Computation, Establishes length of Shoran
UMTh Grid base line between points of

known coordinates.

2 Shoran Reduction Provides major correction in
Correction, CI reducing from Shoran readings

to geodetic distances.

I Shoran Reduction Completes the reduction to
geodetic distance.

4 Computation of Master sheet for use with Form
Coefficients 5. (Only one computation needed

for each pair of Shoran ground
stations.)

5 M•M Position from Provides MX coordinates for
Reduced Shoran plotting of Shoran points.
Distances

6 Shoran Grid Provides coordinates for plot-
Coordinates ting on Shoran grid.I.

I
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Shoran
Form No. Title Use

AXB Yom Universal Transverse Converts from geographic to am
lo. 3-134 Mercator Grid Coord i- grid coordinates.

nates

Ama Yom Geographic Coordi- Converts from WrN to geographic
Jo. 3-141 nates from UlM Grid coordinates.

C oordInates

The conversions between MW and geographic position, which are per- 3
formed on standar d Army Map Service forms, are not peculiar to
Shoran mapping but an explanation of their solutions may not, as
yet, be readily available in other publications. The last pera- Igraph of this chapter oovers the computations involvedl In addi a

geographic graticule to maps that were originally compiled on the
Shoran grid. This necessity might arise if Shoran ground stations I
were tied into a triangulation network at some time after mapping
operations were begun. A supply of printed. forms will not be needed.
in this latter case because of the infrequency with which solutions I
are required.

Computations should be performed by the methods presented 3
herein. Form No. 5 is self -checking; all other work must be
thoroughly checked to avoid. possible time-consuming delays in later
steps of map compilation. Although each form. is straightforward, Ithe illustrated examples should be followed until proficiency is
gained. Work is designed for solution on calculating machines hay-
ing 8- or 10-digit keyboards and., where trigonometric functions are I
required, 7-place natural tables may be used. Tables peculiar to
Shoran computations and those not readily available to topographic
units are included in Appendix C. All other tables, including those Irequired for UDN grid computations, can be obtained from the Army
Map Service. Requests for these data must Include a desigation as
to the reference spheroid for which tabulations are desired. U

2. Inverse CEmputation. The first step in the computations
will be to determine accurately the distance between the two Shoran U
ground stations. This distance is obtained. by means of the inverse
or back computation if the horizontal position of each grom& sta-
tion is knova. Where the ground antennas were placed exactly over I
triangulation stations, the coordinates may be taken f existing
trig lists. Otherwise, positions must be determined from survey
notes supplied by the photographic unit. The required. distance e
computation is performed on Shoran Form I, Inverse Computation,
Universal Transverse Mercator Grid (Fig. 5-1), and although the
form is self-explanatory, the following points will prove helpful:

I
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INVERSE COMPUTATION

5 LUNIVERSAL TRANSVERSE MERCATOR GRID

5 STA. A CY*"'•' e STA.8 -,' - SPHEROID "'a' w e,

NA Vit,. dd?. ,.. EA.

AN-_(NANO) , 7S •,5. J/ &E:(EA7E8) & 1 -7/, ,*./

NAB:•z(NA+NB) . g•..r, .• ,, . ,5 x EA EA+ES): z .•ror,. J. "JO
I W':•/(aN)Z+( r*. ey, eve. o. o

q: (I xlO-4 )(E-500,O00)

It k•._96(l+ ]_q2+[3xlO-5]q4_)

from AMS TM, UTM Grid Tables for Latitude 00-080

q q2 q 4 x= 3=rIq? (3xlO-5l)q4 It •

I AI-a E/S I[.___ .42.1 ~IES0\~Ao~ ~S
* _. _ _____

W-W (, ) : d.;,o, 6As . Meters1KABI
I
I

I
SCOMPUTED BY-.. -•. DATE JIE'VS, S*'TE CHECKED BY C C" A. OATE JrW'e-O'-'SSo

FIG. •- E RnSE COMPUTATION. IJh COORDINATES.I
I
I
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(1) The wes9Lernmost ground station is always desig-
nated btation A.

(2) Subscript AB denotes the mid-point of the line
AB.

(3) N and E designate northmLg and easting coordi- 
I

nates on the WTM grid., NA is the northing of point A; EB is
the easting of point B, and the like.

(4) Values of the quantity, ZYIIT, are obtained
from Akmny Map Service technical manuals, U.M Grid Tables for I
Lat•tude 0o-800. They are dependent upon the northing of the
point iazd the spheroid to vhich the published map is to be re-
ferred.

When the horizontal positions of the ground stations are
given as geographic coordinates, they must be converted to UN co-
ordinates before making the inverse computation. The solution is
made on Army Map Service Form No. 3-1i34 (Fig. 5-2). A detailed
account of the computational procedure is given in AMS TM No. 19,
Universal Transverse Mercator Grid, currently being rewritten as an
A•y Fiel& Manual.

In Shoran-controlled. mapping operations such great dis-
tancee are covered that it is possible for the ground stations to
be situated in different grid zones, or for the ground stations to I
be in one zone and the area being mapped to be in another. Where
points are so located, their positions. should first be transformed
to coordinates of the zone containing the area that is.to be mapped. I
The aforementioned AMS technical manual discusses the procedure for
making this iomversiono

3. The Shoran Reduction Foinulaso Shoran dial readings ob-
taledi from he recorder fRi]M must be corrected for instrumental
and prompaation errors, and then be reduced to map distances, be-
fore the map coordinates can be determined. The necessary formulas
are given below:

M =S - 1 4OT - AM

C 1 1.. 2 5 3 *4 . 5 # 6- 7- 8- 9 3i
AM [2.3920 S(10-4) # 3.5870(f -~ 10 6.32R-3

-where M Ground. or geodetic distance in miles3
S * Uncorrected Shoran distance reading in miles

I
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713 UNIVERSAL TRANSVERSE MERCATOR GRID COORDINATES
Station "'a•ve i ,.•dwia W Location CAC.veKAf ,_ a imp
Zone . Spheroid C/*-,." ,,a" Unit "~fi.n "Aw mI Le,,bt(id'0 •4" ,0 51.0*7 p .0 o.'#7E,÷ oni. . :; S ra

Tabular (M)
(EUvna.. nww e w ; JJ 301 • A /F 1 p

2 
.0J003i"E4 Central Meridian. X. /6 44 i000

ro n,- . p
3 

I0005,'/ P•I O /0" ./.,"I t"I) bom,.om ouoO/ p4 .oooo/.S0 6704 _

i.,900 i,•,•.9 ~ ~~Tabular (1) (E~ ....... of) ,,"r O 4 ;'el
Tabular (In_ _- -

(Evnt naiftute (P IO'" to o scnso
0,•,€-: •÷ (1) 4÷J$O 6-4p o(* Tabular ()1

i lEven mninute of __ __ :.071

-- _ Ift o lair in

M~j6E Pf~ 1
___ /417. AU Wsa#q

Fnb--nst,.I FE 500:000 :00 , ,'

E .- 1 7~#17" I#-_______ N 4561SSW
Date Computed: 1S AM.*',MM 'At By: A.•A Chicded by: C C' ".AMOaY MAPlSlvC

OMSO nf llltl ma .mvc rum. S04344

i FIG. 5-2. UJNIERSAL TRAISVERSE MEEWATOR COORDINATES.

CT = Timing non-linearity correction in miles
AM a Differential distance correction (in miles)

resulting from flying height deviatioas of
individual exposures from the mean of the
mission

C1 = Correction (in miles) composed of the3 -- following terms:

1 = 2,3920 S(H * K) 10-4

3 2 = 1.7935(H - K) 2

"S5

I3 14 ,6083(H -K) 4

SS3

I 4 =V3

5 F - 93,109.5 . s
F

6 Gd + Rz * CAA - 100.0000 = Constant term
consisting of corrections for ground
station delay[ + (Gd - .1800)], airborne

I zeroing 1- (99.8200 - Rz) 1, and separa-
tion of airborne antennas [4CAA)

i
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7: .2148148 s3 (lo_)

8: -72) S (1o0

9 a Correction for asaImption that the Shoren
ray path has a constant radius, regrdless
of its height above sea level.

H = Corrected mean flying heiLt above sea level,texpressed. in 10,000-foot units
K = Elevation of ground station antemna above sea

level, expressed. in 10,000-foot units
AH a Deviation of individual flying heights from the

mean, expressed in 10,000-foot units
F a Actual timing frequency in cycles per second
V1, V2, and V3 = terms of velocity correction, in

miles
G* Ground station delay, in miles
Rz x Observed zero of airborne set, in miles

CAA = Correction for separation of airborne antennaa,
in miles

These formulas are identical to those presented in Chapter II, par.
7, but here the expressions have been further expanded and insig-
nificant terms have been eliminated to permit greater ease in com-
putation. It will be noted that terms 1, 2, 3, and 7 of the expres-
sion just given correspond to the first four terms of the equation
of Chapter II; the velocity correction (V of the Chapter II ex-
pression) is made up of terms 4 and 8; the calibration corrections
(C of Chapter II) are covered by terms CT, 5 and• 6; and term 9 is
equivalent to B in the original equation.

Nearly all of the unknown quantities in the reduction 3
formulas will be furnished. by the Air Force photographic unit as
called for in the specifications for photography. The ground sta-
tion delay (Gd), timing frequency (F), observed zero (Rz), and cor-
-rections for separation of airborne antennas (CAA) are all constant
for any one mission. Timing non-linearity corrections (CT) will be
furnished in the form of tables or curves. If velocity corrections
have been requested., they will be supplied in the form of tables or
curves based on atmospheric conditions at the time of photography.
The values then will replace terms 4 and 8 of the reduction equa- 3
tion. If standard. atmospheric conditions are to be assumed, cor-
rections are taken from Tables I, II, and III of Appendix C. Term 9
is set forth in Table IV of Appendix C. I ~I

The true mean flying height (H) either must be determined
by the photogrammetric method of Chapter VI, or must be supplied by n
the photographic unit. Differential flying heights (AN) are

I
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established from the altimeter readings. The required ground sta-
tion height (K) can be taken from trig lists if the antenna was
placed over an existing station; otherwise, it must be determined
from survey notes. It should be noted that unless unusual field
conditions were employed, 50 feet must be added to the ground ele-
vation to account for the height of the antenna mast. 3

4. Tabulation of Recording Film Data. Distance readings
from the aircraft to the ground stations at the instanx- of each
aerial exposure are contained on the film of the 35-rm Shoran
recording camera. Barometric altimeter readings are obtained from
the altimeter recording film if available; otherwise, values are
taken from the Shoran recorder. The viewer shown in Figs. 5-3 and
5-4 is used in reading the necessary values directly from the re-
cording film negatives. The viewer is essentially a magnifying
glass to which has been added a film holder and a light source of
variable intensity. To facilitate the placement and removal of the
film holder from the viewer itself, the bottom cover of the viewer I
is taken off and the screw which forms the stop is removed from thb

condensing lens pivot. This permits the condensing lens to be ro-
tated through 3600. It will also be helpful to remove permanently
the black metal masking screen that is located on the under side of
the lens. During tabulation of the recorded data, maximum effi-
ciency is achieved if one person makes the necessary readingE and I
another records them. Upon completion of the listing, the opera-

tors exchange places and all values are reread as a check.

Standard Corps of Engineers nomenclature for the viewer
is "Film Viewer, 35 mm film strip, for vertical or horizontal trans-
parenciesB, without film holder, with case, Leitz model B or equal." I
Standard nomenclature for the holder is "Film Holder, 35 mm filmstrip, winding, for Leitz model B desk viewer."

Occasionally, simultaneous exposures of the aerial,
Shoran, and altimeter film will not carry the same numbers and so
correlation will be difficult. Often, this problem will have been I
caught and straightened out before receipt of the film by the map-
ping unit. However, the possibility of mistakes, or at least of
confusion, from this source should be recogiized and a quick check I
should be made by comparing numbers at the start and finish of each
flight. Should trouble appear, correlation usually can be
established by checking the time intervals on the clocks that show I
in all three recording films.

The first tabulation will be that of flying height as in-
dicated by the altimeter readings appearing either on the Shoran or
separate altimeter recorder film. No special form is used for this
listing. Values to tht nearest 20 feet are tabulated opposite the I
exposure number of each photograph to be used in the map compilation. I

I
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Ill"OAU 1OR" MO. a

SHORAN REDUCTION CORRECTION CG MISSION WocY AwV-, C4o/.

GROUND STATION ChEI4e•9fE.

ELEV. OF GROUND STATION (K) £3J -FT. DATE -Id,-/ "'IP SHEET /-OF_--_----

MEAN FLYING HEIGHT (H)a IS, 4"00 -FT.

(H+K) IN 10,000 FT. UNITS R./9/J (H-K) IN 10,000 FT. UNITS /.S, E7

ACTUALTIMMING FREQUENCY(Fl, .J • P.0 CPS GROUND STATION DELAY (Gd), ..- /,o MI.

OBSERVED ZERO OFAIRBORNE SET(RZ) 1 APO MI.

CORRECTION FOR SEPARATION OF AIRBORNE ANTENNAE (CAa) a a MI.

3 C,-I +2*3+4+546-7-6-9

I 2.3920 (H +K) S(IO"
4

) -•od7.0-0 r S 6 a Gd+RZ*CAA-IO0.10000 0 MI.

2 LZ7935 H-KL21 ". 7 - .24848 S3 (10-O)
S ":3 1.6083 (H- K)4 ?j . 4?-4.1,0 S0
$ 3 •$ 3 a - (V I - V a) S ( I0 1 O • - - ~ / 4 -0 r w 4

4: V3 FROM TABLE NO. i 9 - FROM TABLE NO. 19

5 F-93 109.5 S • .00004••"9 S S - SHORAN DISTANCE
V, FROM TABLE NO. I ; Va FROM TABLE NO. 11

I LIMITING

S I 2 3 4 5 6 7 8 9 C, VALUES CI

_00 .0765 .va;r 0000 .00 7 ., 0/g/ .•~ ./4105 /0

I 'O. o" - .00/a .0o46 .0/,40 ,o0e3 .0/al .- , . -T O •#
O 0 TO/+Os

/os-s
__4" _O __ .O___- .0 _ - -4 0 1• . 0 d .01/6 -_ _ ____ __ TO • ./50

-TO-./.o"/s TO
.I/ .0TO 3 ./Jos

-- TO - ./4'0#

TO --..
'•

TO

1 TO-

-- TO-

STO ---- _ o

COMPUTED BY CHi-KEO TY -

IDATE ,• ,Ai',rcA /.50' DATE • AV.-.,A /,950

FIG". 5__5. SHORI:)A3 B:3•! '01T" C:ORETT01 C' 1.
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Flying heights for different missions are tabulated separately,,
since varying meteorological conditions between missions could
cause the average reading to differ considerably, even though the
actual exposure heights were the same. (One mission is considered.
to be a group of exposures that were taken consecutively from the
smse aircraft over one area and on the same day. The mean altimeter
reading of the mission is next computed and its value is recorded.
A discussion of methods for converting from barometric to true fly-
ing heights is given in Chapter VI. Once established, the value is
listed in the upper part of Shoran Form 2 (Fig. '5-5).

This listing of altimeter readings also indicates the 3
magnitude of the individual flying height deviations. Exposures
that deviate from the mean by more thua 100 feet are noted, and the
amount and sign of the deviation is determined by subtracting the
mean value from the individual readings. Variations to the nearest
100 feet and expressed in 10,000-foot units are tabulated on Shoran
Form 3 in the columns headed AM, uaing the upper half of the blocks
as shown in Fig. 5-7. Since flying height differences affect the
distance from each ground station to the aircraft, the deviations
must be entered in both ,& M coluar-. The tabulation of mileage
counter readings to the nearest .001 mile is also made on Shoran
Form 3 under the columns headed "Shoran Reading." Infonmation re-
ceived with the photography must Indicate the ground. stations to
which the readings refer.

5. Determination of Reduction Correction, C1. The C1 term
of the reduction equation is computed on Shoran Form 2 (Fig. 5-5).
A separate sheet is used for distances from each ground site.
Space is provided at the top of the form for the name of the ground
station, mission number, and the tabulation of all calibration and
other construits needed in the computation. The value entered for
mean flying height must be the true value as determined by one of
the methods of Chapter VI, The ground station elevation represents
the height of the antenna which, in most operations, is on a mast
50 feet above the ground level, During the machine computations,
maximum efficiency is attained by ing in each column completely
before passi ng on to the next ter4

P+ is not necessary to compute correction Cl for each
Shoran reading; instead, an equally accurate but more rapid method
is used. The minimum and maximum dial readings from the aircraft to
one of the ground. stations are obtained from an examination of the
tabulation ca Form 3. Corrections are then computed to four deci-
mal places At 5-mile intervals, starLing at the even 5-mile value
below the minimum reading awi extending to the 5-mile value beyond
the ma•ximm reading. C. eorrectior.B thus obtained are plotted
against distance on graph paper and a smooth curve is drawn through
the points (Fig. 5-6). The scale of the graph should be such that

I

S• • •,m aiaalm~mmlml fll i lli• mm i~mi



U
I

771

I corrections can be plotted directly to .0002 mile, and d•istances

can be read to the nearest mile. Corrections for individual
Shoran distance readings are then obtained from this curve to four
decimal places and are entered in the appropriate column of Form 3.
The determination of Cl for distances measured frcm the other3 ground station is identical, but it is performed separately.

I
I .1510

100

I .1490

too toG o0 ItJo 120 125

3 SHORAN DISTANCE (MILES)

FIG. 5-6. TYPICAL C1 CORRWTION CURVE.

Since the correction does not change very rapidly, the
curve is usually rather flat; as a consequence, it may sometimes
be advantageous to record the corrections to the nearest .0002
mile and then determine the limiting distance values of each.
Space is provided on Form 2 for such a tabulation.

The determination of correction C1 at 5-mile intervals
will usually be sufficient. However, when the difference between
any two successive corrections, as computed above, is greater than
.010 mile, one or more intermediate points must be determined.
Occasionally, it may even be necessary to compute the correction
at 1-mile intervals over short distances in order to meet this

* restriction.

When the correction curve is too large for one sheet of
paper, it should be broken into se&nents containing at least five
computed points and plotted on separate sheets. Graph paper having

I
I
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20 graduations per inch is preferred to lartr scales, as it pro-
duces a more compact curve. 3

6. Velocity Correction. The Shoran velocity correction in
the reduction formula is comprised of three terms, Vl, V2, an V3,
for which tables based on the N .AC .A. moist atmosphere are given I
in Appendix C. Because of vary'ig atmospheric conditions, however,
the use of such standard tables may introduce errors of as much as
1 part in 20,000 In Shoran distance measurements. Where greater i
accuracy is required, velocity corrections determined from meteoro-
logical soundings at the time of photography must be requested from
the Air Force photographic unit. If the total velocity correction I
is furnished in the form of a graph, the values taken from the
curve should be entered in column 8 of Shoran Form 2 and algs- -

bralcally added to the other terms. Colium 4 (V3) is then left I
blank.

7. Geodetic Distances from Shoran Baeinis. The reduction

from Shoran to true ground distance is determined by the formula:

M aS -C 1 C *CT-A I
The necessary computations are performed on Shoran Form 3 (Fig. 5-7) •
Space is provided at the top of the form for noting the controlling I
ground stations and the mission data. First, the e•posure numbers
are listed in the left-hand column. Next, the Shoran reading and
C1 corrections for distances from both ground stations are tabulated I
in appropriate columns on both halves of the form (paragrph 4).
Timing non-linearity corrections are taken from curves or tables
that were worked up from calibration data and supplied with the I
photography. Term. AM, the correction for the deviation of individ-
ual flying heights from the mean, need be computed only when devia-
tions of 100 feet or more are encountered. The necessity for com- I
puting this term will occur so seldom under normal conditions of
peacetime flying that no space is allotted for its solution. The
necessary fomula is shown at the top of the form. When the correc- I
tions are required, computations are performed on a separate sheet
and only the answers are tabulated in the lower half of the blocks
on Form 3. The final step converts the reduced distances to meters I
to conform with later grid requirements in metric units.

8. UTM Positions from Reduced Shoran Distances. The computa-
tion of tTM grid coordinates is performed on shoran Forms 4 and 5.
Form 4 establishes a set of coefficients that are constant for mny
given pair of ground stations. Consequently, the computation need
be made only once for any area controlled by the same two ground
sites. Form 5 is used for the actual determination of coordinates.

I
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REDUCTION FROM SHORAN MISSION o'-4-em em*..
TO GEODETIC DISTANCES

GROUND STATION A (Weotmt)moef CA-w-. &i-,,,,.
GROUND STATION @ (Ecaternmost) ,'-•,6' ,# , - DATE--'' SHEET_.__OF.._

M • GROUND DISTANCE S- C, +CT-AM

C, s REDUCTION TERM FROM SHORAN FORM 2 CORRECTION CURVE
GTC TIMING NON-LINEARITY CORRECTION S SHORAN READING

& M. [a.3.20 SoG04) I 5.0NK * 6.433H-K']A I MILE'a 1609.347 METERS

AM. CORRECTION FOR DEVIATION FROM MEAN FLYING HEIGHT
AN aIFFERENTIAL FLYING HEIGHT IN 10,000 FT. UNITS (TRUE MEAN)

EXP FROM GROUND STATION A FROM GROUND STATION S
SOAoN C, Ci AM D OISTANC6 M SlAINI

AUDI" CTam MIE~US I l, l READING C, CT A LES Des?

J•~ ~~0 ~.V.Is .s1944wJPo.4W& /io.7. lg.*P4, IJ*J~l /.i.W ,41 Tfo ear,, arx

FI- - .Fa OINF HWT GB.ItIwE IME

,il /iU _ _ _ _ _ _ __fia,, •P. .!•,,lf~r'lo#41.ii #'l• •e.t•*• ,•#li.lll #." .I ___ _,,___Ol•;l l.iit ,____.ill~~ ____h9 ____ /t#ri li~r•iol

I _ _ _ _ _ _ _ __ _

I - _ _ _ __

I - _ _ _ __

I COMPUTED SY c.Gc.... DATE2•L CHECKED BY D.,.' ATE V._ eAjE

FI'G. 5-7. R!•)tT XIO FRC1 SH01AB TO GEODP J1 DIHTANC~e.
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a. A worked example of the master computation, Form 4,

is o:owna in Fig. 5-8. During its solution the following point6
should be noted:

(i) Terms VIII and I are taken from standard UT74
grid tables. The particular tables employed n=st list values
for the reference spheroid that has been designated for use in
the area being mapped.

(2) The solution should always be performed by at
least two separate operators so as to guard against carrying
errors into later computations.

b. Fig. 5-9 illustrates the solution of Form 5. The
top row provides space for listing the numbers, or other designa-
tions, of the points for which coordinates are desired. The reduced I
Shoran distances from each of the ground stations (M1 and M2 ) are

taken from Form 3 and multiplied by the constant .9996 x 10-6 be-
fore enuoring the values as steps (1) and (2) on the form. Subse-
quent steps are indicated in the second column. For example, in
step (3), the quantity tUbulated for step (1) is first multiplied.
by the coefficient ao from Form 4 and this product then is multi-
plied by the number 2. It should be noted that steps (9) and (10)
require the selection of signs which depend upon the location of
the points with respect to the Shoran base line. Both of these
signs will remain constant throughout any one mission and so the
two that are not to be used can be cross'ed out before work is begun.

Lines (17) and (18).supply the ground position of the
point on the airplane that is halfway between the airborne antennas.
On most aircraft the aerial camera will have been installed very
near this mid-point (Chapter IV, par. 8) and so these values repre-
ient the final coordinates. Occasionally, however, the camera loca-
tion will be such as to require a displacement correction and steps
(19) through (22) will have to be filled in. The necessary compu-
tations are explained in paragraph 9. 1

Steps (23) through (30) provide a check for the computa-
tions. If lines (29) and (30) fail to agree to within about 1
meter, the work must be re-examined to locate the error. It is
well to make the whole coordinate and check computation for the
first point of each mission separately and completely before pass-
ing on to the remaining points. This assures that no gross errors
will be made in the use of coefficients or placing of decimal
points. After this,, maximum efficiency is attained by computing
each line all the way across the sheet before going to the next
line. I

I
I
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IN

f__ FORUM NO 4

COEFFICIENTS MISSION A 66. Q.&

FOR USE WITH

COMPUTATION OF UTM POSITION
FROM

REDUCED SHORAN DISTANCES DATE l 'l,€r/"J4AP

5STA. A (Westernmost) C-E4f,,,9a STA. B (Easternmost) Zme,-iosl/ SPHERIOD Cg2&At

NO a 4. 40- 41, Meters Es a lr'. ?Jd4. 40 Meters

NA A 4S -a. LZ7 Meters EA: 2 /f,, 71J.24 Meters

i(NA+Ns) -4.4 Meters W 2 279_ "/S.j Meters

IYE AND X FROM AMS TM, UTM GRID TABLES FOR LATITUDE 00 - 800

(1) Y Nu"sl10- g .# , _*I/ 4 (13) C,(1 2)s (8) +(I1.(9) .949 32/ •

p(2) YAwaIA-10
0  

4. 556 667 7 (14) Ct,(l2)(9)-(i)') - .. 45f 736 4

(3) Xg'(Ee-50OO0O)00"-0 D865 734 4 (IS) 1 for NA .0/4? J/,

(4) XAw(EA-50000)'IO- .0/4 711 2 (16) K .- W- ,7. 3SJ9 4

(5) AYs(l)-(2) - .0V" 70o 1 (17) F 1. .004 /04 0__ _ _ _ _ _(16)

(6) AX,(3)-(4) .R71 / Z v (1I) C "2" (17) .0608 _0__

I(7) '(5)2++(6)2 .27.9 6046 (19) 0 6(05).(4) .O& /A /

(8) m.961 397 (20)s.*(iS) dw .61p I

3 (9) 24- 25 0 6 (21) (4).(19) .O 40- 7

(10) for A(NA+N) .0/2 JJ1 22 A -. +(21)+I /.000 0 7

(11) [(3)+2-(4)J*(510)- .00e 08d .9 (23) Go.9996•.WI .279 507 5_'
3

(12) 200 r.000 000 40

COMPUTED BY . CHECKED BY -

DATE r'eA .2-%p DATE 6 ,-f /,.o0

iM. 5•8- COGLMTICKI( OW CODT7 IWS - UM PIMMIC FM(
R DU) MORO D3 ANCIZ.
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I
P POINT AT WHICH SHORAN POSITION IS EFFECTIVE

T =POSITION OF AERIAL CAMERA IN AIRCRAFT

D PTa DISPLACEMENT OF CAMERA FROM POINT MIDWAY BETWEEN
SHORAN ANTENNAE (SKETCH ILLUSTRATES FORWARD DISPLACE-
MENT)

Z * GRID AZIMUTH OF AIRCRAFT HEADING

AN D cooZ AE aD sin Z

F
U

g ~ ~FIG. 5-I0. D~~DA~rRIAION OF CORRETI(T FOR CAMERA DJISPACMEN~T.
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9. Correction for Installation of Aerial Camera. Camera in- U

stallation corrections need. to be computed only.when the displace-
ment from the mid-point between airborne antennas is great eaough
to affect map accuracy. For Instance, it would be a waste of time
to consider a 2-foot displacement when computing coordinates for
map control at a scale on which it was impossible to plot to any
closer than about 10 feet. In most nilitary mapping operations, U
corrections should be computed when the displacement is greater than
1 meter.

Fig. 5-10 illustrates the method to be used for determin-
ing the displacement correction. Once the mid-point position of
the antennas has been determined, the camera coordinates are
established by the formulas

N =Np LN

E =-Ep , E

where NP and Ep = UTM coordinates of point midway
Nbetween Shoran airborne antennas

AE a]D sin Z

D a Displacement of aerial camera from the mid-
point of the antennas in meters

Z a Grid azimuth of a 4 rcraft heading

The quantity, D, is assumed to be positive when the camera is for-
ward of the mid-point between antennas and negative when the camera
is toward the tail of the aircraft. The grid azimuth, Z, is deter-
mined by correcting the compass heading, as read from the Shoran
recording film, first for magnetic declination and then for con-
vergence of the UTM grid..

Magnetic declination of the compass is determined from an
isogonic chart. The convergence correction is dependent upon the
mean latitude of the area being mapped (9ý) and the distance, in de.
grees, from the center of the area to the central meridian of the
grid zone. Values are listed in Fig. 5-11. In the Northern Hemis-
phere, convergence corrections are added to the compass readings if
the area is west of the central meridian and subtracted if it is to
the east; signs are reversed when working in the Southern Hemis-
phere. Mistakes introduced by the possiblr- election of wrong alge-
braic signs can be avoided if a diagram sir -ar to that shown in
Fig. 5-10 is drawn for each mission.

Usually, the compass heading of the aircraft remains con-
stant, within the limits of a few degrees, for each photographic
flight, and consequently, a mean heading can be used to determine

S
S
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-- constant corrections for coordinates of each photograph in that 8

strip. If individual. heading vary from this mean by more than

about 50, however, separate corrections must be computed for the
coordinates of the corresponding photographs. The refinement of
the correction is dependent upon the magaitude of the cemera, dis-

placements; that is, the smaller the displacement, the less is the
precision with which aircraft heading must be established.

U
Distance from

Central Meridian

Si° 2° 3°I - - -o

100 10

3 20o 10 10

3& 10 10 2

400 10 10 20

5Q0o 10 20 20

600 10 20 30

700 10 20 3°

3 800 10 20 30

3 FIG. 5-1i. CONVERGENCE CO1MTIC•I, UTM GID.

Since these corrections seldom will be needed and since
just one computation per flight will often be sufficient, no form
is provided for the solution ofibN andA E. When required., the
work should be performed on a separate sheet of paper and the re-
sults entered in lines (19) and (20) of Shoran Form 5. The correc-
tions then are added to lines (17) and (18) to obtain the final
point coordinates.

10. The Shoran Grid. In areas where geodetic positions of
the ground. stations are unknown, the resulting maps will provide
relative position only, and must be published without positive in-
dication of latitude, longitude, or direction. The base line
length is determined by the Shoran line-crossing method (Chapter
II, par. 10) and plotting is done on a special "Shoran Grid." This
grid is based on a so-called doubly equidistant projection and has

I
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*ft0D STATION 'Ar
(West mmost)

U
AO IO TATION U"

*"OVNOI *Tro "a

rS
U
U
S

x • " ;- "1÷*" we
9W

Y *'/d7-x

FIG. 5-12. TEE SHORAN GRID. I
the property that distance from any point on the map to either of
the ground stations can be obtained as though on a plane. Dis-
tances between other points will not be absolutely true but over
the comparatively small area of a normal map sheet, such errors
will be negligible. Fig. 5-12 illustrates the Shoran grid. The
origin of coordinates (X = 0; Y = 0) is at the westernmost ground
station and the X-axis is the line passing through both ground
stations. This permits plotting sheets to be laid out by con-
structing a siMple rectangular grid in metric units to the desired
working scale. Shoran control can then be plotted on sheets that
have been numbered to correspond to the area in which work is to
be accomplished.

Grid positions of the exposure stations are determined
with the aid of Shoran Form 6 (Fig. 5-13). Space is provided at

U
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SHORAN FOAM 00. 6

g SHORAN GRID COORDINATES MISSION 1 °.,,c,' ~-.., Ceo.

GROUND STATION A (Westernmost) ChEyA qdESHEET / OF
GROUND STATION 0 (Easternmost) /&Xa.*Ae, I A D ATE.SHEET...-.OF....

M,* DISTANCE FROM GROUND STATION A FROM SHORAN FORM 3

X1 • p- Wa X XAX

ye . ! -x' Y + &AY
DISTANCE STATION A TO STATION B W 27. U'S. I METERS
2W . irlo9. gm.a Wk 7r, /04.f. .0J O

AX AND AY n CORRECTION FOR DISPLACEMENT OF AERIAL CAMERA FROM POINT MIDWAY
BETWEEN AIRBORNE ANTENNAE (ZERO FOR MOST AIRCRAFT INSTALLATIONS)

k GROUND DISTANCE
EXP. INMETR Xy AX MY__
NO. M/ M S 4 __1. _f_____

.1/0• ". ,o ~ ff~50 J5.7 _40.41_ ,,460__.__p__.*.9 /E•.o071.A 7/,AJU./ ¢ro?• i5V•,l/U.5 __ _"_ _ _ _ _

.9, /d T 4f. 4 1 7$. / SS.1 5L •'• E9.9 _ _ _ _ _ _ _ _ _,,._ _ ._

COPUE Yei _ ___AT____,:2CECEBYDTE AW

FG 5-3 SR GICRNU _ _ _

ICOMPUTED 8Y~ ,/f..DATEL.Lf. CHECKED BY C'C..d. DATE •._.4S~

I FIE;. 5-13. SIIORAN URID COORDINAT1ES.
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the top of the form for entering the names of the ground stabions
and the length of the base line. The reduced Shoran lengths, M1
and M2 ., are extracted from computations on Form 3 and entered oppo- S
site the appropriate exposure numbers. Since the computation of 1,
and Y' can be performed in the calculating machine, no space is pro-
vided for intermediate steps. Care must be taken, however, to place U
the decimal points correctly. The signs of the I coordinates are
established in the computations. Signs of the Y coordinates are
always positive and, because of the nature of the projection, numer- U
ical values increase in both directions from the base. The mapping
organization always will be sufficiently well-acquainted with the
area to know the relation of photography to ground stations and so U
no trouble should be experienced in establishing the proper direc-
tion of the Y-axis.

The X, and Y' coordinates represent the final Shoran posi-
tions except for rare missions where the aerial camera was displaced
more than about 1 meter from a point midway between the airborne an- U
tennas. Displacement corrections for the Shoran grid are computed
in a manner similar to that discussed in paragraph 9 for the UTM
grid. In this case the formulas become:

X :XT AX

Y Y•t +' Y

where X, and Y' - Shoran grid coordinates of point midway
between airborne antennas

A6X =-D sin Z
/iY =D cos Z

D * Displacement of aerial camera from mid-point
of antennas in meters S

Z a Shoran grid azimuth of aircraft heading

The grid azimuth, Z, is determined from the compass heading of the S
aircraft as shown on the recording film, the magnetic declination,
and the azimuth of the Shoran base line. Since absolute positions
of the base line terminals are not known, the grid azimuth cannot S
be established accurately. However, its direction usually can be
scaled from an existing map or otherwise estimated to the required
accuracy of one or two degrees. A sketch like the one shown in U
Fig. 5-10 must be drawn to assure the selection of the proper signs

for all variables. Corrections can then be computed and entered in
the appropriate columns of Form 6. U

ll. Conversion from Geozrap2ic to Shoran Position. On rare
occasions it may be desirable to add a geographic graticule to map•e
that have been compiled on the Shoran grid. This can only be done,
however, after the geographic positions of the ground stations have
been established. The procedure involves computing the Shoran

S
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U coordinates of even. 1-,, 5-, or 10-minute (depending upon map scal)
intersect ions of latitude and. longitude,, plotting the pos itions on
the Shoran grid., end. then connectilng the points with straightU ~lines. The resulting graticule is a doubly equidistant pro ject ion
based. an the twio ground stations and., within the mnall area cover-
ed. by a normal map sheet., differs very little frmmore ecomo
projections. If the map is published in this form., appropriate
notation should. be made in the legend..

U The first step of the canputation requires establishing
the geographic coordinates of both ground. stat ions. This may
necessitate a conversion firm UM3 coordinates on Army Map ServiceU Form No. 3-l141 (Fig. 5-11). A J complete discussion of the method.
In glven in AM !T4 No. 19., "Universal Transverse Mercator Grid.."
Tb. next step is to determine the value of six coefficients which
are to be used. in the actual position computation. Fig-. 5-15
illustrates the required. solution. Coefficients are constant for
any given pair of ground. stations and, consequently, must be com-I ~putes& just once.* Coordinates of the individual paints are &eter-
mined.by the solution shown in Fig. 5-16. Printed. form. will not
be needed. because of the infrequency with which the me1thod, will 'beI ~applied.. No difficulty should. be encowitered in the solution if
Figs. 5-15 and. 5-16 are followed. carefully ald if the following3 ~points are motel4

I GEOGRAPHIC COORDINATES FROM UNIVERSAL TRANSVERSE MERCATOR GRID COORDINATES
Station G~'O 'po 4 Location -Chg y&,rn gj44f-a
Zone - ~ Spheroid Q1421*Ad M66- Unit -FeAyl -I-,

E q/ '' 2 calways positive(+) N -0 S.&d -e6 77
FE -50ý0 0 0 0 00 ./73 ~ ~~~~~E' /7/ 2# q.00/4

Interpoilaing N min), 0' 4 /d( 52.P -d, (IX) 4z .9.irz 0615
Taua 444M 374,l. a)~*6J

ir__ , " 6" 0 6J0.3J4 ____

:374 (XQ3 -0/

D6O0.00 Geni~al milla >X. 10S 0,0 m 000

LATITUDE, 0 V/l /0'602 LONGITUDE, X /04t 4py ?*..

Wae Caompte 2ASIA&= Z960- By 4 W. Cheked byC r

(OSPSUM oOMI J=~e MRS (SAC. 24C
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COMPUTATION OF COEFFICIENTS (K'S) U
FOR USE WITH

POSITION COMPUTATION, GEOGRAPHIC TO SHORAN

S IATON A SPHEROID Qf6 WAt STATION B U
C.4'ye-o"l., Ay.m',y NAME tAfw'p.pE N *fr.6,,r/

410 /0' $•r'.7 LATITUDE 04) #0 f aO" 4V.E5u

/040 40' J0a.i/l LONGITUDE r) P0/- J" JpP."IOss

0"J S/ S/ AX 4 JOSJ19 7

.75.9r /7 Cos .70 "J d?

-.O* .4104 O/, t J0,1s.4' 76-4-•00 488 MON-I V$1408. 400 7;J

Y$,.d .654 ae-,/ .0 ED

2, jaxI. Z•/ Ke 2 K, Kv (Cx 1 I0) J Or7.si

.00 20, 0 3e
1 

*e .0R0 Joe 0

46,.__ __?_ K4 - %.(3.J) 44 . ,",

.007 30 F u 10'0 . ..

.00o.' 042 74* A'W .00/ 0•* •14

.4S. 6 #/ 7 sin# w/

4.s10 K Si h# (F ,, loa

6474*~3 Ton # 4PS41 #41 W

4 A?. " K" 4, .5 •4

NOTE: 
r

*Factors A', U, C, and F ore obtained from tables uminl the letitude (6) of the Station as the
argument.

E. E•centricity of the reference spheroid.

For the Clarke SpheroI of 6661 3et • Oeoso0o

FIG. 5-15. CaMPUTATION OF COEFFICIENTS - GEOGRAPHIC TO

SHORAN.
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POSITION COMPUTATION ________________e. 1

GEOGRAPHIC TO SHORAN pt3(Coofflcwnts (K's) obtained from -3
"sparate computation) N - .d

USTATION A 0ft~tdVW A*.. STATION S 44mm4 A

KI "- jai X" K47 Edý 4S K I ~ ... K 4  4rd..*dS

Kt AL /94- OWN K5s 0061 K2 F 14J -ESV Ks .0.0
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a' 2W wt . 0 /ag, JA
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*El-op40 ae i -

00S.'" 7 *d4-t"4F-J44jM

- --F-p *~ _ _ __/ _ __Ao/ 0.p ~ _ _ _ __o~j _00 0_4_ _Jjd

q -"4~ '47iJ7 aeE"do __~77__ _____ _______

54.* .~ .4 ~ 0'54 M , 5
+KIP__ ,:e1. +.79# 7/ 4- "0"A9 +', MP?4 LU~a~tJ-YW0 JWaA7 +WM*df

a 6..Of -of_____ cofeI7-o . a"J."D *1i

Ys40 rj 0E S7.E7 Of a- ZpIfj r. ./ ;
I% t M, i M c T I

JIG. 5-16. PWrITI0 CQG'WATICK - (O(3&I] TO SHORAN.
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a. Factors A', B, C, and F are dependent upon the S
reference spheroid. and are obtained frbM tables using the latitude
as an argument. For the Clarke sphnroid. of 1866, logarithms of the
values are obtained from U. S. Coast and Geodetic Spec. Publ. No. 8,
"Formulas and Tables for the Computation of Geodetic Positions."
Terms must be converted to their natural form for use in the maechiue
computation.

b. The numerical values of ter~is *KIp2 and - 2 will
always be plus (4) and those of terms .Xp4 and -K6p2 2 wi.l always
be minus (-). The values of ter2s .K~pq and 9Q.-P may be either

plus or minus depending upon the sigm of term q.

c. Distances are listed in kilometers rather than in
moters as employed usually in other Shoran computations. 5
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3FLYJXG ZIEII( D13KIMIAT

1. General. The geometry of the formula for reducing Shoran
measureents t odetic distances calls for the true flying height
of the aircraft at the instant of each exposure. In the mapping
application, however, where the Shoran position of several photo-~~graphs must be cmuethe solution is gral ip ifidIa

constant equal to the mean flying height is used in the computation
of all exposures. This simplification produces no sigificant
errors in the final results except in those few instances where in-
dividual exposures deviate from the mean by more than about 100
feet. In these, small corrections must be applied to the corres-
ponding distances.

The face of a barometric altimeter with pointers reading
to the nearest 20 feet appears in each altimeter recorder exposure.
A second, though less accurate, barometric altimeter appears on the
Shoran recorder film and can be used where altimeter recorder val-
ues are unavailable. Altimeters of this type, however, are simple
aneroid barometers calibrated to read correct altitude above sea-
level only under an assumed standard atmospheric condition and., for
this reason, the indicated reading can be in error by as moch as
1,000 to 2,000 feet, or more. The instrument does, however, give
fairly reliable readings for flying height differences; consequent-
ly, true mean flying height is determined by other methods, and the
difference between the true height and that indicated is applied as
a correction to any individual exposure recording for which the true
height is needed. The following methods are available for establish-
Ing true flying height:

3 a. Meteorological observations.

b. Radio altimeter carry.

c. Photogrammetric.

2. Meteorological Observations. One method of establishing

the necessary flying height is throug' computations based on mete-
orological observations made at the time the photography is' flown.
Briefly, the method consists of computing the thickness of air
layers between successive pressure levels as indicated by readings
of temperature, pressure, and humidity. By adding these thicknesses
together, the altitude corresponding to any pressure can be deter-
mined. The mean altimeter reading is then converted to its basic
pressure level value, and the corresponding altitude is taken from
the meteordlogical computations. In some cases, the upper air data
gathered regularly at Air Weather Service or other governmentalI
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weather stations will be suitable. At other times the use of a
special weather observing airplane will be required. The proper
method of gathering the necessary data will be determined by the
Air Force unit, W& the necessary corrections will be supplied with
the aerial photography, if called for in the specifications. 3

3. Radio Altimeter Carry. In some special cases the "radio
altimeter carry" method may be used to determine true flying height.
This method requires the simultaneous recording of reading fran
both the barometric and radio altimeters as the mapping aircraft
flies over an area of known elevation, The radio altimeter reading
plus the elevation of the datum area gives the true flying height
above sea level. Thereafter, the barometric altimeter provides in-
formation concerning flying heignt differences. Upon campletion of
the mission, the plane again flies over the datum area to take read-
ings of both instruments, thereby furnishing a means of adjusting
the barcmetric values for temporal variation in height of the pres-
sure level. Any needed correction for pressure level gradient be-
tween the reference area and the photographed area is obtained from

standard level charts published by the Weather Bureau or the Air
Weather Service. The radio altimeter carry method, then, provides
a way of calibrating the barometric altimeter so as to eliminate
the need for meteorological observations at the time and place of
photography. It also permits "carrying" these elevations for quite
same distance from a datum area to rTbe area to be photographed.

A limitation"of this method is the fact that a rather
large flat area must be used for reference, since the altimeter
beam covers a cone of several degrees and, in rough terrain, it is
likely to indicate distance to some high peak instead of height
above the point directly beneath the aircraft. Large lakes of
known elevation or sea water make ideal reference areas and, if
available, should produce reliable results. Although no past tests
have permitted an evaluation of its accuracy, it is possible that
this application may prove useful in specific cases.

4. Photogrammetric Methods. Photograiynmetric procedures
offer a third method of establishing true flying height, provided
Mne or two identifiable points of known elevation appear somewhere
in the mapping photography. The method is somewhat similar to the
radio altimeter carry method, in that flying height above the datum
is first determined and then added to the datum elevation in order
to establish exposure height. As before, flying height differences
are taken from the recordings of the barometric altimeter. Any
photogrmmnetric determination of height above datum requires the
availability of sufficient ground control to permit a graphical or
analytical resection of the exposure station. Where several con-
trol points appear in one aerial photograph, flying height may be
established by any one of the several existing methods. Multiplex I
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97U methods, however, offer the simplest and most direct solution and,
in the Shoran application, require the availability of only a single
datum elevation point. Shoran positions computed with the best
available estimate of flying height give an approximate scale, fol-
lowing which, a special "BZ" curve method can be used to level the
models without recourse to ground points. With absolute orienta-
tion established in this manner, exposure height can be determined
from the camera frame size and focal length, and the elevation of
one datum point in the model. However, to be of value, the camera
constants must have been measured with high precision and, for this
reason, the use of an accurate, well-calibrated mapping camera ismandatory in areas where photogrammetric methods are .o be used.

5. Flying Height Determination by Multiplex Methods. Cox-
rectly oriented multiplex models represent an accurate, true-to-
scale miniature of conditions at the instant of the aerial exposures.
If diapositives could be made from aerial negatives unaffected by
film shrinkage and used in projectors having a principal distance
of exactly 28.182 mm. (specifications permit a tolerance of t.015 mm
in this setting) then the height of the emergent node of the projec-
tor lens above any point within the model would represent the exct
scale height of the photographic airplane above the corresponding
point on the ground.. Under these conditions, flying height could
be established by measuring the vertical iistance of the node above
a point of known elevation, dividing by the model scale, and adding
in the height of the datum point. The small errors of film shrink-
age and projector principal distance will normally introduce no
significant error in maps compiled from the models, but they may
cause sufficient error in flying height determination to affect
adversely the computed Shoran positions. To circumvent this possi-
bility, flying heights are determined through a comparison of
accurately determined camera constants with the size of the pro-
jected diapositive after absolute orientation has been accomplisaeil.

a. Fig, 6-1, which illustrates the theory of flying
height determination by this method, represents one projector of st
correctly oriented multiplex model, and shows a tilted axis corre-
sponding to the tilt assumed to have been present when the origi.nal
exposure was made. The line AE represents a horizontal plane
through A, the datum point of known elevation. The vertical dissance

OB (= P) is the height of the projector node above the datum plane
and is the true scale flying height above datum under the assumed
conditions of exact principal distance and rn film shrinkage. (CX
is the principal axis of the projector and GJ is an imaginary p.Lrne
at right angles to OC and positioned so that OC = OB a P. The dis-
tance, d, across the diapositive between opposite fiducial marks

corresponds to the distance D in the imaginary plane GJ. From the
geometry of the figure it can be seen thats

I
I
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The distance D can be measured by first reading the elevation of
point A, then leveling the projector with the tip and tilt screws,
and finally measuring the distance between opposite fiducial marks
in the plane of the initial reading of the datun elevation.

The multiplex reduction printer is desigaed to give
a reduction of the multiplex diapositive from the aerial negative
in the same ratio as principal distance of the projector is to cali-
brated, focal length of the aerial camera (TM 5-24i4). This means,
then, that the following ratio is obtaineds

M4 F

where M a Camera frame size between opposite fiducial
marks

d a Diapositive image size between opposite
fiducial marks

F = Calibrated focal lengV. of aerial camera
f - Nominal principal distance of multiplex S

projectors

If this formula is combined with the one previously developedl, the S
following formula for projection distance is obtained:

P R

This formula gives the actual scale flying height and is independent
of errors caused by film shrinkage. True exposure height is deter-
mnie d by dividing the quantity, P, by the model scale and adding
the elevation of the datum point. The true focal length, F, and
camera size, M4, will be known, since they are called for in the
specifications for photography.

b. The first step in multiplex flying height determina-
tion will be to select a strip of five or six modals within which
one or more identifiable points of known elevation appear. A datum,
point near the principal point of one of the photographs is desirable
in order to minimize any possible errors resulting from an inability

S
S
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3 FIG. 6-1. THEORY OF mLM 9L FLYflIG HEhIT DT mATION.

to level the model perfectly. The entire strip is then placed in
the multiplex and leveled as a unit. Cross flight photography and
the special BZ curve method are used where insufficient control is
available to "strip level" in the conventional manner. The strip
is then carefully scaled to the Shoran pQsitions corresponding to
the two end photographs. In this scaling operation., the displace-

ments of the true from the indicated photo plumb points are taken
Sinto account by the methods outlined in Chapter-VII. Shoran posi-

tions are then computed,, using the flying height value read from
the recorded altimeter plus any correction it may be possible to
estimate. The work sheet plotting scale is selected so as to pro-
duce a projection distance as close as possible to 360 mm

(T 5-24 Next, the model containing the datum point is indi-
vidually leveled to existing vertical control, if available, or
if not, by tipping the multiplex bar so as to level the portion of
the BZ curve through the model in question (Chapter VII). With
absolute model orientation thus established., the tracing table
reading of the datum elevation point is noted and recorded. The
projector having its principal point nearest the datum point, is

then leveled with the tip and tilt screws, using the multiplex
nadirscope (Fig. 7-4) for reference. The projected diapositive

I
I
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size can now be measured in the plane of the datum elevation. S
Measurement of the projected frame dimension is made

by resetting and locking the platen at the previous tracing table
reading of the datun point. The dot of light is placed first at
one and then at the opposite image edge near the fiducial marks and
the points are projected to the work sheet by dropping the pencil U
point. Frame dimensions in either direction may be used, but the
len in line of flight can usually be measured with greatest
accuracy. This operation is very exacting, and must be performed U
with the utmost care. It may even be desirable to replace the pen-
cil with an accurately centered metal point during this step. Mea-
surement of the distance between the plotted points is accomplished S
with a beam compass and meter bar. Readsings are recorded to the

nearest .02 mrm. Exposuie height is then determined by substitution
in the following formula:

H .00328D .F AMS

where H = Exposure height above sea level, in feet
D a Projected diapositive size (in millimeters)

in the plane of datum elevation
M u Csera frame size (in millimeters) between

opposite fiducial marks and corresponding S
to measurement of projected diapositive

S =-Horizontal model scale, expressed as a
representative fraction

F = Calibrated focal length of aerial ,mera,
in millimeters

A = Eevation of datum point above sea level,
in feet

Of course, if the altimeter readings show a deviation from the mean S
for the particular exposure used in this determination, a corre-
sponding correction must be added in order to establish the true
mean flying height of the entire mission.

S
U
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CHAPTER VII10

XCM= ORIENTATION ME

1rAND R ,AM ,UXILIJA! EUhIP T

1. The BZ Curve Method. Multiplex operations involving
either flying height datermiTntion or, later, map compilation re-
quire absolute orientation of the models in units of about seven
projectors each. Since Shoran control is effective at the photo
plumb points, it is necessary that orientation be sufficiently accu-
rate to insure proper recovery of these plumb points. Multiplex
equipment furnishes reliable horizontal accuracy throughout an ex-Stension of seven exposures., but the accrued error in projection tilt

will usually become too great to permit the use of the indicated
projector plumb points in scaling to the Shoran positions. The BZ
curve provides a means of overcoming this difficulty. In areas
where identifiable vertical control is available at each end of the
strips, leveling can be accomplished by adjusting the handwheels
and foot screws of the multiplex frame until the best average fit
to the points is obtained. The BZ curve method is then needed onlyto find the displacement of the true photo plumb points from the

- projector plumb points. Frequently, however, Shoran mapping opera-
tions must be conducted. over areas where very little control, either
vertical or horizontal, exists; hence, the problem of establishing
proper horizontalization becomes important. Under these conditions
the BZ curve method also provides a means of strip leveling in whichonly the differences in exposure heights., as indicated by the baxo-3 metric altimeter, are used.

In the extension of multiplex models from a correctly
oriented starting model, it is usually found that the height of ad-
jacent projectors gradually decreases, even though the aircraft
flying height remained constant throughout the entire strip. This
phenomenon, at least in part, results from the distortion introduced
by the particular aerial-camera--reduction-printer combination usedin making the dlapositives, and from the position on either side of
the flight line at which parallax was removed from the models. If
projector height is plotted against distance along the flight line,
and a smooth line drawn approximately through the points, a BE
curve of the type shown in Fig. 7-1 will result. An exaggerated.
vertical scale is used to emphasize the curvature. Any slight de-
viation of the plotted heights from a smooth curve is probably a
result of small variations in projector principal distances, or of
differences in the way parallax was removed in the different models.

a. The actual preparation of a BZ curve requires the
measurement of the height differences, and of the horizontal spac-
ing of a group of projectors that have been brought into correctU

I
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relative orientation. (The latter is done by the removal of paral-

lax and tieing together the models by bringing coon pass points
along the flight line to the same elevation.) Extreme care must be
taken at all stages in the operation, and it is especially Important
that parallax be remved. at the same distance above and. below the
flight line in all models. In places where no vertical control is
available, the first model is leveled as nearly as possible, using
estimates of the height of terrain features. The remaining five or
six =odoes are then "tied in" and the strip is adjusted to an
approximate working scale by fitting the principl points of the
end projectors to their corresponding Shoran positions. If true
flying height has not been established at this point, Shoran posi-
tions are computed from the best available estimate, usually based
on readings of the recorded altimeter.

The BZ curve for this orientation can now be prepared.
Either of the end projectors is selected as the starting point a=&
its position is taken as the origin of coordinates of the graph.
Plotting is best done on graph paper having 10 by 10 squares to the
inch, using a horizontal scale of I inch on the graph equal to 200
mm on the work sheet, and a vertical scale of I inch on the graph
equal to 2 mm in projector height. The abscissas are determined by

spotting the projector plumb points with the multiplex nadirscope
and scaling distances along the flight line from the first projector
with an ordinary millimeter rule. Ordinates are established by tak-
ing multiplex height gage readings to the top of the boss of each
projector, and then subtracting the reading of the starting projec-
tor from that of the others. It is also necessary that a correction

be applied to the height of any exposure for which the recorded
altimeter shows a deviation in flying height from that of the start-
ing projector. The amount of the correction is equal to the eleva-
tion difference converted to millimeters at the model scale and, as
a result, the plotted position must be moved up in cases where the
exposure height is lower than that of the first projector. A smooth

curve, that passes as nearly as possible through all the plotted
points, is drawn. Slight deviations of the points from the curve
are permissible if exact coincidence would tend to introduce uneven-
noess.I

b. This initial curve shows the approximate strip ori-

entation (in line of flight) as based on the estimated horizontall-
zation of the starting model. The entire strip can now be leveied I
in the X, or "tip," direction by adjusting the handwheels at each

end of the frame so that the ordinates of the BZ curve arG the sam
at the two points representing the end projectors. This means that U
the end projectors will be brought to the same height above the
table, after consideration is given to the correction for flying
height differences and to any small correction resulting from the S
failure of the curve to pass exactly through the plotted positions.

S
_ _ i
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The final BZ curve can now be prepared in exactly the same manner S
as the first. Fig. 7-2 illustrates a "level" BZ curve of this type.
In actual operations the end projectors are adjusted to the same
elevation, plus any correction for flying height difference, Im-
mediately after bringing the strip to approximate scale. In most
instances, this produces a level curve at the first attempt, since
only rarely will a smooth curve fail to pass through the end points.

The level BZ curve is assumed to represent the pro-
file of a horizontal ground line through the multiplex models.
Elevations directly beneath the end projectors are taken as being
true, and elevations at other points along the flight line are cor-
rected by subtracting an amount equal to the ordinate of the curve
at that point. In this manner, a line of correct relative eleva-
tions can be established along the flight line of any strip. Points
on either side of the center are likely to contain rather large
errors, however, unless the model level in the tilt (Y) direction
can be established through reference to wide flat rivers, large
bodies of water, or other reliable elevation features. To overcome
this limitation, the flight plan illustrated in Fig. 4-1 is usually
used in areas with little or no vertical control. This arrangement
of flight strips permits the establishment of lines of correct rela-
tive elevation at right angles to the normal mapping photography
and at intervals of about every five or six models. The regular
parallel flight strips can then be leveled in the tip direction by
the BZ curve method and in the tilt direction through reference to
the elevation differences established along the center lines of the
cross flights.

c. Another application of the BZ curve is its use in
finding the displacement between the true photo plumb point and the
point directly beneath the projector lens as indicated by the multi-
plex nadirscope. Where the models can be individually oriented,
these two points are the same. In strip orientation, however, the
fall-off in projector height also introduces a "false tip" which
must be analyzed and corrected in the course of scaling to Shoran
control (Fig. 7-2 Illustrates the method used). The false tip in
any projector is the angle between a horizontal line and a tangent
to the curve at the point representing the projector. The displace- S
ment between the true photo plumb point and the indicated projector

plumb point is equal to the projection distance times the tangent
of the angle of false tip. In practice, the projection distance is I
found by measuring the vertical distance from the model surface at
the indicated plumb point to the top of the projector boss, and then
subtracting the distance from the emergent nodae of the lens to the U
top of the boss In this operation, the height of the top of the

bosE rbvre the emergent node may be considered a constant of 3.89
mm for a&U Army projectors. The tangent of the false tip angle is
merely the slope of the line tangent to the curve expressed as a
ratio of ordinates to abscissas.

S
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Proper orientation of the multiplex strips requires

adjustment of the scale so as to obtain the best average fit of all
photo plumb points to their corresponding Shoran positions. Be-
cause of the presence of false tip a new scale point must be spotted Hfor each plotted Shoran position so as to permit use of the indi-

cated projector plumb points. With the normal "concave downward"
BZ curve the displacement of the new scale points will be smallest U
at the center of the strip and will increase toward the ends. The
direction of this displacement from the plotted points will be out-
ward. from the center and. along a line parallel to the line of flight.

d. Occasionally, the BZ curve may take the form of a
straight horizontal line and, in rare instances, may be concave up- S
ward. Under such conditions the same general principles still apply,
but care must be taken to alter the sign of the elevation and dis-
placement corrections accordingly. It should also be noted that
different operators may not secure identical BZ curves from exten-
sions of the same strip, nor will the same operator always duplicate
his first curve when orienting a strip for the second time. In
either case, however, the final net results should be about the
same. It is, therefore, necessary to redraw the BZ curve and cam-
pute a new set of corrections at any time a strip must be oriented Ufor a second time.

2. Multiplex Height Gage. Vertical distances needed in multi- U
plex operations are made with the height gage and indicator (feeler
gage) shown in Fig. 7-3. The instrument is calibrated to read in
millimeters on one side of the rule and in inches on the other. A U
vernier permits direct readings of .02 mm or .001 inch, though only
the millimeter readings will normally be used in multiplex work.
The primary functions of the height gage are the measurement of
height differences to the tops of the projector bosses and the
establishment of vertical distance from the tracing table platen to
the top of a projector boss. Since the rule is calibrated from an
arbitrary datum, only height differences and not heights above the
surface on which the base is set can be obtained. 3

The dial indicator is attached to the horizontal stud of
the height gage vernier and the switch lever is adjusted so that
the pointer rotates as pressure is applied to the under side of the
ball feeler point. This feeler point can be adjuste& to almost any
convenient 'angle but the setting must remain constant throughout
any series of measurements. Readings to the top of any surface are
then made by adjusting the vernier until the indicator dial reaches
a pre-selected constant reading. In this manner, a constant pres-
sure is applied in the measurement to all surfaces and a true height
difference is assured. In order to read to the top of a rounded
surface such as the projector boss, the entire gage is moved slight-ly back and forth so that movement of the indicator dial will revealthe high point on the surface.

S
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3. Nadirscope. The nadirscope (Figs. 7-4 and 7-5) is used

to find the point vertically below a multiplex projector lens.
Standard Corps of Engineers nomenclature is "Nadirscope, Photogram- U
metric, for Multiplex Tracing Table." It consists of a finely
etched cross suspended directly over the dot of light in the trac-
ing table platen. Moving the table around until the dot of light U
is centered in the shadow of the cross brings the table directly
under the projector lens and permits the plumb point to be marked
by dropping the pencil point. The instrument may also be used in U
leveling a projector since the principal point and nadir point are
coincident when the projector is truly level. In this operation
the tracing table is first set at the projector plumb point and the U
tip and tilt screws adjusted until the principal point is centered
over the dot of light. g

In attaching the nadirscope to the tracing table a bind-
ing of the sliding parts may sometimes be encountered as a result
of variation in the spacing of the vertical columns. The use of U
thin shims will ordinarily relieve this situation. Once in posi-
tion, it can be left in place since the cross hairs slide out of the
way when not needed. When the nadirscope is in use, the frame is S
locked into position with the knurled screw and the tracing table
platen lowered so as to give the greatest possible distance between
cross hairs and shadow. It is also necessary that the centering be
checked from tine to time to insure that verticality of pencil,
point of light, and cross hairs remains true. Any necessary adjust-
ment is started by making sure that the pencil is eractly centered U
under the dot of light with the platen at its lowest position.
Next, the plumb point of a projector is plotted. The entire tracing
table is then rotated through 1800 and the plumb point is again S
plotted. Any displacement between the two plotted points represents
twice the centering error and must be removed by means of the ad-
Justing screws of the nadirscope. Exact centering is achieved by I
repeating the procedure until coincidence is obtained. As a final
check, the cross hairs should be moved out of position and then
back and the test re-run to be sure that the frame always returns
to the same position.

U
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l CRAPTIW. VIII

MMIMIPL MAPPINfG

WITH AIMA COVERAGE PHOTOGRAPHRY

1. General. The nature of Shoran control is such that multi-
plex scaling cannot be accomplished in the normal manner. Various
rm. errors inherent in present equipment preclude absolute reli-
ance on any one point, even when sufficient vertical control is
available to permit positive recovery of the photo plumb points.
Maxim= accuracy is obtained by scaling the nadir points of all
photographs in the area to the best average fit of the correspond-
ing Shoran positions. In this way, part of the random error is
averaged out so as to produce a map with greater internal accuracy
than could. otherwise be expected. The desired, results are obtained.
by first orienting the photography in strips of five to seven models
each an& scaling to the best mean fit of the Shoran positions. Pass. points coon to adjacent strip units are then spotted. along the
edges of the plotting sheets. Finally, the several sheets comrpris-
ing one work area are matched, along the grid lines end common detail
points are exained. for coincidence. Pass points can then be graph-
ically adjusted to remove any evidnced. internal position or scale
disagreement. Once these corrections have been miade, compilation
of map detail is accomplished. in the conventional manner.

2. Pparation of Plotting Sheets. Shoran points are norm-

ally plotted on the U124 grid. thugh occasionally the Shoran grid
will be employed. In either case, the general procedure will be
the same because both are rectangular grids. Spacing of the grid
lines will depend largely upon the scale to be used in the multi-
plex operations, though a distance of from four to six inches on
the plotting sheet is usually desirable. For example, au interval
of 2,000 meters will be found satisfactory for plotting scales of
approximately 1117,000.

To facilitate the planning of sheet layout, the ON grid
should be constructe& on one copy of the photo index. This can be
done with sufficient accuracy by noting the coordinates of the cen-
ters (plumb points) of corner photographs, interpolating for the
intermediate even grid values, and. connecting appropriate points
with straight lines. The line interval should correspond to that
used on the plotting sheets and the grid drawn in light colored ink
so as to provide good contrast with the dark index. A geogaphic
grid. representing borders of the published map sheets can be added
by computing the M34 coordinates of the necessary intersections and

then connecting the plotted positions.

The control extension shets should be of some stable,g transparent medium such as acetate. Standard nomenclature for this

I
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material is "celulose acetate, translucent Eastman Safety topogra-
phic acetate sheeting." Each sheet must be large enough to include
all detail within the strip and extend sufficiently far to permit
the matching of the grid intersections with those of adjacent sheets.
Sheets are laid out roughly parallel to the flight lines, with proper
grid orientation and numbering of the lines established through U
reference to the photo index. If only a small number of sheets is
required, the grid. may be constructed individually on each sheet.
Frequently, however, greater efficiency will be attained by con- U
structing one master grid and then tracing the others, varying the
numbering and orientation as required by the individual sheets.
Extreme care must be taken in this tracing operation to avoid ser- U
ious drafting and parallax errors. After the grid has been drawn,
the Shoran points corresponding to each photograph of the strip are
plotted and the plotting Is checked by a separate draftsman. The U
sheet is then ready for use by the multiplex operator.

3. Strip Orientation. Since the recovery of true photo plumb S
points is of great importance in scaling to Shoran control, prime
consideration must be given to establishing correct multiplex pro-
jector tilts. It is also necessary that the photography be set in
strips of several models so as to enable scaling to the'best mean
fit of several points. Parallax must be carefully removed and all
models "tied together" by bringing common pass points to the same
elevation reading. In areas where sufficient vertical control is
available, the unit is strip-leveled by reference to points in each
corner. Otherwise. leveling is accomplished through the use of
cross flight photography and the BZ curve method discussed in
Chapter VII.

When proper strip orientation has been established and
the BZ curve drawn, points to which the strip is to be scaled are
plotted by laying off the distance between true and indicated pro-
jector plumb points along a line parallel to the line of flight
(Chapter VII). The strip is then scaled so as to obtain the best
average fit of irnicated plumb points to their corresponding modoi-
fied Shoran positions. Several trials are often necessary before
the best average fit is realized. .

Pass points common to adjacent flights are next picked
along the ends end sides of the strip. As later steps require the
orientation af individual models for detail compilation, care must
be taken to spot. at least four horizontal points per model. If
ground vertical control is unavailable, it will also be necessary
to pick sufficient vertical pass points to permit releveling of the S
separate models. The elevation of vertical points, of course, must
be corrected for slope of the BZ curve. 5 1

4. Adjustment of Strips to a Common Datum. It will usually
be found that the positions of common pass points as plotted from 5
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adjacent strip units will fail to coincide perfectly. when the

sheets are matched along the grid lines. Adjustment of the units
so as to remove these inconsistencies will facilitate plotting
operations and also help to average out further some of the ran-
dom Shoran error. This step is accomplished through the prepara-
tion of a sketch similar to that shown in Fig. 8-1. Hero the dis-
crepancies between units, as indicated by the -ass points, are
shown to scme convenient scale and used as a guide to indicate
where slight movement or rotation of some of the units would tend
to improve the over-all continuity of the map. The sketch is pre-
pared on cross-section paper and arranged so that the line separa.-
tion is equal to some even unit of pass point discrepancy. The
use of 10 by 10 to the Inch cross-section paper with a scale of 1
mm on the map equal to 0.1 inch on the graph paper will prove
satisfactory. The rectangular areas representing the strip units
are not, of course, shown to the same scale.

I The adjustment is made by moving the pass points on the
plotting she3ts after a study of the working sketch has indicated
the proper amount and direction. For example, in Fig. 8-1 the
pass points in the unit containing exposures 21 through 25 should
be moved so as to correspond both to a clockwise rotation and to a
movement of the entire unit to the right. Every point in the
strip must be moved so that, in effect, the net result represents
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only a shift of the area with respect to the grid lines. Next, the
pass points in the unit containing exposures 48 through 51 are moved
so as to introduce a slight downward displacement and the unit with
exposures 52 through 57 is moved slightly upward. Finally, the
strips having exposures 92 through 100 and exposures 102 through 112
are given a small clockwise rotation in order to bring the left hand.
one-third of the total area into coincidence. Pass points in the
center and right-hand thirds are then adjusted in a somewhat similar
manner so as to produce the desired uniformity throughout the entire I
area. Occasionally, as in exposures 114 through 118, a scale ad-

justmaut within one unit may be indicated. At other times the
agreement between strips may be such that no manipulation of the
pass points will be required.

The actual adjustment procedure followed in any particular
area is somewhat arbitrary and depends upon the skill and experience
of the operator. Different operators will not necessarily produce
identical results. However, experience has shown that the result- I
ing improvement in position agreement between adjacent models defi-
nitely increases the ease with which compilation can be performed
and produces improved accuracy in the final map.

5. Plotting. Multiplex detail plotting of the Shoran-
controlled map is no different from that of other type maps. Some-
times, the models will be drawn individually using sheets on which
the adjusted control has been traced. At other times, the sheets
used during the scaling operation will be supplied. Where contours I
or form lines are to be drawn, the models are leveled either to

ground control or to the pass points obtained by the BZ curve method
outlined in paragraph 7 of this chapter.

6. Preparation of the Geographic Graticule, The geographic
graticule normally will be added to the map manuscript after com- I
pilation has been completed and prior to reproduction operations.

Line spacing depends upon map scale, Usually, each five or ten
minute line of. latitude and longitude will be shown. Where ground
station positions were known and the MM grid was used for plotting
the Shoran control, this is accomplished by computing and plotting
the grid coordinates of appropriate intersection points and then I
connecting the points with straight lines. Occasionally, where
later survey operations have positioned the ground stations, it
will be possible to add a geographic graticule to maps originally •
compiled. on the Shoran grid. The procedure needed to compute the
coordinates of even intersection points under these circumstances
is covered in paragraph 11, Chapter V.

Several errors in the Shoran systm tend to introduce a
mean error in the positions established on any one mission and, in I
effect, cause a shift of the entire area with respect to the grid. .!

I
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If, however, one or more identifiable points of horizontal control
are available within the area, the greater part of this error can
be removed by redrawing the grid in a slightly displaced location.
During map compilation, the model positions of all control points
are spotted and their coordinates are scaled from the multiplex
sheets. The mean displacement of these multiplex positions from
their corresponding true locations as tabulated in trig lists, can
then be used as a correction for redrawing the map grid.

7. Use of BZ Curve in Plotting Topography. In most photo-
grammetric mapping at scales of 1:100,000 and larger, an effort
will be made to show the topography. Although Shoran control pro-
vides horizontal position only, some of the methods used ih estab-
lishing correct projector tilt will prove useful in establishing
the model orientation required for contouring or form lining in
areas where ground vertical control is scarce or even non-existent.
Orientation in this manner does not produce the accuracy attainable
from ground points but does permit at least approximate contouring
of areas in which it proves impossible to perform ground surveying.
At least one point of known elevation is highly desirable so as to
establish a proper datum.

The procedures to be used require cross flight photogra-
phy and application of the BZ curve method discussed in Chapter VII.
The actual multiplex operations connected with vertical bridging
are performed at the same time that horizontal scale is being es-
tablished. For explanatory purposes, let it be assumed that con-
tours are to be drawn in an area covered by the photography illus-
trated in Fig. 4-1. The only point of known elevation in the area
is assumed to be located near the intersection of flights 6 and 8.
Flight 8 is first set in the multiplex and leveled in the line of
flight direction by the BZ curve method. If possible, the strip is
leveled. in the tilt (Y) direction through reference to terrain fea-
tures; otherwise, a portion of one or more of the flights at right
angles must be set first to provide the necessary control. In
either case, once flight 8 has been oriented correctly a line of
elevations can be established along the center line using the known
point as an index and applying the corrections indicated by the
shape of the BZ curve. (Flights 7 and 8 can be set in two sections
if the required number of projectors is excessive, although orienta-
tion as single units is desirable.) The portion of flight 1 between
flights 7 and 8 is next oriented by the BZ curve method and eleva-
tions are established by indexing from the vertical pass points pre-
viously read from flight 8 at its intersection with flight 1.
These elevations from flight 8 also supply the information needed
for approximate leveling of the strip in the tilt direction. Flight
7 and the necessary portion of flight 6 are then set in turn so as
to carry the "vertical traverse" back to the starting point of
known elevation. Any error of closure is assumed to be caused by aI
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constant slope along the center lines. Each point can then be cor-
rected by an amount equal to the error of closure times the ratio of
distance from the starting point to the total distance around the l
loop.

The portions of flights 1 through 6 be t ween flights 7 and
8 can now be oriented in both directions. Each 3,.rip is leveled in
the tip (X) direction with the BZ curve and in the tilt (Y) direc-
tion by reference to elevations frai the cross flights. Using the I
cross flight elevations as an index, vertical pass points commlon to
adjacent flights are established in each corner of each model. Once
again, of course, corrections for the shape of the BZ curve are 1
applied as though the points were projected onto the center line.
Since pass point elevations will probably not read the same from
different strips, both readings should be recorded and appropriate I
notations made as to the strip from which each was taken.

Finally, pass points throughout the entire area are exam- a

ined for any indication as to possible adjustments that can be made
to improve the over-all agreement. In some instances discrepancies
in readings from adjacent flights may indicate slight errors in the I
way one flight was leveled in tip or tilt. At other times, it may
be noted that nearly all readings from one flight are too high or
too low. Where possible, the discrepancies are eliminated by ad-
justing the readings. Of course, the goal is to produce an adjust-
ment such that, if all flights were to be reset, each point would
read the same elevation in any model in which it appeared. This
ideal will seldom be achieved and therefore a certain amount of
averaging will be necessary on some of the points. The final ad-
justed points are then used as level points when the models are
individually reset and the contours delineated°

The previous discussion hs3 covered the establishment of i
vertical pass points for only the right-hand portion of the area
portrayed in Fig. 4-1. Control of the left-hand portion is estab-
lished by repeating the procedure with the appropriate exposures.

8. Map Accuracy. Multiplex maps compiled from Shoran area
coverags photography may contain both systMatic and random errors.
The magaitude of these errors is conotantly being reduced as a re-
sult of instrument refinements and the development of Improved
techniques of calibration and adjustment. Shoran tests rum. in 1946 I
indicated that, with carefully calibrated equipment,-the mean shift
of any map sheet could be held to less than 50 feet, regardless of
the distance between the area mapped and the controlling ground I
stations. Actually, a 50-foot displacement of a map sheet that is
150 miles from the nearest control represents a proportional error
of only 1 part in 15,800. Also, the nature of the error is such I
that adjacent map sheets are displaced approximately the same in I
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I both distance and direction and so no sigaificant mis-matching of
detail between sheet borders is introduced. Although no recent
Shoran photography has been tested, there is little doubt but that
present day equipment will give still better results. It should be
noted that the availability of occasional identifiable ground con-
trol points throughout the area being mapped would permit the sheets
to be slipped into position and thus eliminate even these small
errors .

ro ] Random errors in the Shoran system introduce localized
scale and azimuth errors within the map. The 1946 test photography
indicated that Shoran-controlled coverage from 20,000 feet could
produce maps with relative errors of no more than 105 feet on 90
percent of the well-defined detail points. This would meet peace-
time accuracy requirements for inch-to-the-mile mapping but falls a
little short of the 1350,000 scale map standards which call for 90
percent of the features to be located within 83 feet. Since the
major source of randm error in the Shoran equipment is thought to
result from the inability of the airborne operator to maintain per-
fect pip alinement, improved accuracy will depend largely upon the
availability of some type of error meter (Chapter I, paragraph 5
and Chapter IV, paragraph 3). Instrument error is only part of the
problem, however. A second source of random error is introduced
during multiplex operations by failure to recover exact camera ori-
entation and, therefore, inability to select true photo nadir points.
Present plotting methods average out these random errors somewhat by
scaling several multiplex models as a unit to corresponding Shoran
control. Nevertheless, the relationship between photo tilt and
horizontal map accuracy is one of the most important considerations
in the entire mapping procedure. Since Shoran appears especially
adaptable to the mapping of remote, uncontrolled areas, proper
nadir point recovery usually is one of the biggest problems. In
such instances, the obtaining of cross flight photography and care-
ful application of the BZ curve method are essential. The limiting
factor in Shoran map accuracy may well prove to be dependent upon
the accuracy with which camera orientation can be recovered.

I
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I
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1. General. Shoran-controlled area coverage or cross flitgb
photogrrap -seleo will be obtained specifically for mapping by
the slotted tmplet method. This type of coverage ordinarily vill
be used for producing mnaximm possible accuracy in areas where
adsquate ground control is not available. For this reason, it
usually is intended that the resulting network of photogramnetric
control will be established by multiplex procedures. The slotted
templet expedient may prove valuable in preparing hasty maps vhile
awaiting the slower but more accurate multiplex results.

In slotted. templet mapping, as with multiplex, the most
satisfactory solution results frca obtaining the best average fit
of all photographs to their corresponding Shoran positions. The
floating stud holder (Fig. 9-1) provides a simple method. of obtain-
ing this desired mean fit. It consists of a circular metal frame,
about 2 inches in diameter, with four coil springs attached, and ex-
tending inward to a central washer. Three pins are fastened to the
under side of the frame and serve to hold. it rigidly to the base

II
I

I
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grid. The central washer fits over a standard slotted templet stud
and permits a movement of about 4 mm in any direction. The use of
one holder at each Shoran position allows the entire assembly to I
adjust automatically to the mean fit of all points.

Although Shoran positions are effective at the nadir 3
points, experience has shown that photo principal points may be
used as radial centers when working with good quality mapping pho-
tography. This type photography usually contains tilts of no more I
than a few degrees and, since the resulting displacement of nadir
from principal points is of a random nature, the floating stud
holders tend to average out the tilt errors together with those of I
the Shoran positions. Unless tilts can be recovered to within
about 10 to 15 minutes og unless the photography to be assembled
contains tilts of over 5 , there is no advantage to be gained in I
attempting to recover the nadir points.

If Shoran photography contains large or constant tilts, a U
considerable reduction in accuracy must be expected. Constant tilts,
such as those resulting from a fixed camera installation that has
not been perfectly set for aircraft attitude, are somewhat compen- I
sated if adjacent flight lines have been flown in opposite direc-
tions., In such instances, the principal points on all photos in
one flight will be displaced from the nadir by the same amount and I
direction. On the adjoining flight, displacements will be in the
opposite direction and so the errors will tend to balance out when
two or more flights are laid together. Occasionally large random I
tilts, if not detected from the manner in which prints fit into the
photo index, will be spotted during the templet assembly. Templets
made from these prints will introduce unusually large displacements
of the floating stud holders from their neutral position. If this
occurs, the holder (or holders) in question should be removed and
the principal point considered only as a pass point.

2. Preparation of Bse Sheets. Slotted templet base sheets
for area coverage photography are prepared in much the same manner
as that described for multiplex mapping. The grid is laid out to
the approximate scale of the templets and with a line spacing of
from four to six inches. Proper orientation can be established by
reference to a photo index on which the grid has been drawn. In
many cases, a single base sheet will be sufficient to cover the
area under consideration. However, where the assembly is large it I
can be broken into several sections of about 100 templets each (six
or eight flights of ten to twelve exposures). Since control is
available for each photo, there is no need to assemble the templets I
in very large groups.

Once the grid has been constructed, the position of each I
Shoran point is plotted and the appropriate exposure number is noted. I

I
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A standard slotted templet stud is then placed over each plotted1

point and temporarily held in place by driving a pin through the
center of the shaft and Into the base board. The floating stud
holders are placed in position by slipping their central washers
over the templet studs and pressing the pins into the base, care
being taken to prevent introducing any tension in the springs.
(Standard Corps of Engineers nomenclature for this item is "Stud
Holder, floating control point, spring centered., for slotted tem-
plet studs.") Several light hammer taps around the outside ring
will assure a firm seating of the stud holder. When the straight
pins holding the standard studs have been removed, the sheet is
readyv for assembly of the templets.

Mairmum slotted templet accuracy results from using each
Shoran point in the area. However, when accuracy can be sacrificed
to speed, the assemblies can be laid using every other point or
even every third point in alternate flights. For very rough work,
two or three points in each corner and a like number near the cen-
ter of each area of 100 photos will be adequate. This reduction of
the number of points used saves considerable computation and plot-
ting time.

3. Preparation and Assembly of Templets. In all slotted
templet mapping the greatest accuracy probably results when templetsare prepared from prints that are about 15 inches square. This re-

quires an enlargement of about 1.5 diameters over the usual 9- by
9-inch negative size. Tests indicate that, where Shoran control is
available for every exposure of 20,000-foot, T-5 photography, assem-
blies of templets that have been enlarged about 1.5 diameters will
have an internal accuracy of about 175 feet or less on 90 percent
of the well-defined features. Similar tests using templets prepared
from contact prints (9- by 9-inch) yielded a relative map accuracy
of approximately 210 feet. These accuracy figures are all exclu-
sive of a mean map position error which can amount to as much as 50
feet as a result of Shoran equipment error plus an additional
amount, possible 50 feet or more, frcm inaccuracies in the slotted
templet system. It can be seen, that where a photographic enlarger
is available to the mapping unit, the templets for Shoran-controlled
assemblies should be prepared from enlargements.

Photographic prints should be made on double-weight paper
and processed so as to keep distortion to a minimum. The spotting
of principal points from opposite fiducial marks and the selection
and transferring of auxiliary tie points around the edges of the
prints is accomplished in the same manner as for nornal slotted tem-
plet work. With enlarged prints, however, a few more than the usual
nine points per picture can be selected, provided none are chosen so
near the centers that the studs will bind against the rim of the
stud holders during assembly. Any existing horizontal positions areI
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also selected. and markeed, although they are not held, rigidly during
the assembly.

Tehplets are prepared from 3-ply bristol boar., or other

suitable material, by placing the marked prints on top and prirking
the point positions through to the blank eplets. All pricked I
points are circled as an aid in recovery and the principal points
are labeled to correspond to photo numbers. Center points can then
be punched and the wing points slotted using the standard An|y
equipment supplied for the purpose. The procedures followed in
laying the templets should be those described in TM 5-240., modified.
to include floating stud holders md enlarged templets. It is neces- I
sary that care be taken to avoid damaging the slots and that the
assembly be tapped from time to time to eliminate possible binding
between templets. Fig. 9-2 shows a typical slotted templet lay- I
down being prepared. After completion, all stud positions are
marked to provide a control network for use in map compilation by
any of the several possible methods.

4. Finishing. Where occasional grounmd control points are
available within the mapped area, a slight improvement in absolute I
position can be obtained by shifting the grid in the manner that is

described. for multiplex maps (Chapter VIII, paragraph 6). Also, it
must be remembered during compilation and final drafting that any I
map detail at, or near, existing control points should agree with
the descriptions of the stations. Because of random errors through -
out the mapping process, this desirable condition may require I
special attention. After compilation has been completed, all con-
trol points that are to be shown on the final map are carefully
plotted from their known coordinates. Detail in the neighborhood I
of these points can then be shifted to conform to true ground con-
dlitions. The required movement usually is small but the results
will greatly enhance the appearance of the published map.

I
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1. General. This chapter deals primarily with the special
techniques required in applying Shoran control to mosaicking. The
detailed procedures needed in the actual preparation and assembling
of photographs is covered in TM 5-214-0. Shoran points may be used.
to provide over-all scale and position to otherwise uncontrolled
mosaics, and to prepare both semi-controlled and controlled mosaics.i The particular method to be employed will depend largely upon the
accuracy requirements of the finished, map and upon the time avail-

able for its preparation. Because of the speed with which they can
be produced., uncontrolled and semi-controlled mosaics are used ex-
tensively during wartime. Fully controlled mosaics, however, re-
quire about as much time to prepare as do complete planimetric maps
and so they are of military value only in special cases. The abil-
ity to indicate absolute position through the delineation of a
graticule on the finishedL photamaps assumes, of course, that theu •geographic positions of the Shoran ground stations are known.

2, Establishing Scale and Position of Uncontrolled. Mosaics.
The fastest method of preparing photomaps is to orient and assemble
the photographs by simply matching detail in the overlapping area
common to adjacent prints. Although such mosaics often contain
serious scale and azimuth errors, the speed with which they can be
prepared makes them valuable expedients in many tactical situations.
Normally, the determination of absolute scale and position has been
dependent upon the recovery of identifiable ground positions. With-
out ground control, absolute position was unobtainable, although
scale could be determined. roughly from the focal length of the
aerial camera and barometric altimeter readsings of flying height.
The availability of Shoran positions permits fairly reliable re-
covery of absolute scale and position without materially increasing3 the production time .

Scale is established by comparing the distances between
Shoran points on the completed mosaic assembly with the equivalent
ground distances. Prior to assembling the mosaic, principal points
of photos near each corner of the area are pricked and circled with
a grease pencil as an aid in later recovery. (The grease marks are
easily removed after they have served their purpose.) The mosaic
is then prepared in accordance with the instructions given in
TM 5-240. Upon completion of the assembly, the diagenals of the
figure formed by the selected principal points are carefully mea-
sured. The corresponding ground lengths are computed from theI following formula:

I
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wbewr D : Grid distance i
11 E U124 coordinates of point 1

N2,. 2 x O!l coordinates of point 2 i

If ground station positions are unknown and UM coordinates csmnot
be established., ground. distance can be determined by substituting
Shorani grid coordinates in the equation just given. Fig. 10-1
illustrates the scale check lines used in the determination. Th
average of the values determine for each of the two lines is taken

as the over-all mosaic seals. 3
Absolute position is established. by addin a 1TM grid and

graticule to the finished mosaic. As the first -tep, a UU grid. is
laid out on a sheet of translucent acetate to the over-all mosaic
scale. After the four corner points have been plotted., this acetate
sheet is placed over the mosaic and oriented by superimposing over U
the photo points. If simultaneous coincidence camet be obtained.
on all four points, the sheet is adjusted so as to distribute the
error equally. A mechanical meom fit can be obtained. by punching I
holes of the proper diameter in the acetate sheet at the plotted
positions an& mounting floating stud. holders directly over the
points on the mosaic. In most cases, however, the best mean fit I
can be estimated with sufficient accuracy by a visual examination

of the discrepancy at each of the four points. After justment,
the grid intersection points are pricked through to the base and.
connected with ink lines directly on the face of the photomap.

3. Bemi-controlled. Mosaics. Semi-controlled mosaics require 3
more time to assemble than do the uncontrolled type but offer a con-
siderable improvement in accuracy. Contact prints matched in den-
sity and tonal range are employed in all cases with Shoran points I
used to position the principal points of each of the photos. The
first step of the operation, therefore, will be to compute the co-
ordinates of each photograph to be used and to plot these points on I
a grid laid out to the average scale of the photography. There-
after, the photographs are assembled by placing the principal points
approximately over their Shoran positions and rotating tq get the I
best average match with adjacent prints. No effort is made to hold.
exactly to the plotted points because of the possibility of random
Shoran and tilt displacement errors. Instead., the dry prints are I
laid out in small groups ahead of the actual assembly and adjusted
so as to obtain an average fit of principal points to corrmspond.ing
Shoran positions.

The average scale of the photography is established by
laying out two or three trial strips and compa•ing the distances I
between end principal points with corresponding ground distances as I

I
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determined fram the grid coordinates. Photographs in each strip
are assembled by carefully matching detail in the overlapping por-
tions and are temporarily held together with drafting tape or
staples so as to permit re-use during the mosaic assembly. Ground
distances are determined by the formula given in paragraph 2 of
this chapter. The mean of all determinations is the scale to be
used in constructing the grid.

The grid and the Shoran positions are plotted directly on
the rigid board (masonite or plywood) that is to become the mount
for the mosaic. Lines are spaced at some convenient plotting inter-
val and the entire grid is oriented so as to assure proper center- i
ing of the finished assembly. Although the greater portion of the
lines will be covered by the assembled photos, it is important that
they be extended sufficiently to permit their recovery around the I
edges. A straight edge can then be used as a guide in redrawing the
missing portions prior to final publication.

A second type of semi-controlled mosaic can be constructed
by using the slotted templet method to exactly locate the grid posi-
tions corresponding to photo principal points. Here, a templet I
assembly, made by the procedures outlined in Chapter IX, is used to
provide the adjustment to the best mean fit of the Shoran points.
Principal points can then be pricked directly onto the mount and I
held rigidly when the prints are assembled. Even though the method
produces improved accuracy and requires less guesswork, considerable
extra time is involved in preparing the templet assembly.

4. Preparation of Controlled Mosaics. The use of Shoran in
preparing controlled mosaics differs from the conventional method I
only in that Shorsan positions are used to control the slotted tem-
plet assembly. In most instances, the rigid, mosaic mount serves as
the base on which to construct the grid and prepare the templet lay- I
down. Floating stud holders at each Shoran point provide the adjust-
ment to the best mean fit. Both principal points and points around
the edges of the prints are located and used to establish the amount
of ratioing and rectifying necessary in each of the photographs.
Chapter IX explains the use of the slotted templet method with
Shoran-controlled photography. The procedures to be employed in I
ratioing and assembling the prints for a controlled mosaic are
covered in TM 5-240.i
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CarlTOL POINT 1R

1. General. Shoran control point photography is particular-
ly suited o eestablishment of the rather widely separated
ground positions needed to control small-scale maps or charts.
Each mission of two intersecting flights locates a single control
point which then can be employed in the same mamner as positions
determined by astronomic observations or groumd surveying. In
fact, the method is very effective in supplementing existing
ground control that is too widely scattered to meet even charting
requirements. Once established, the positions form the control
network for reconnaissance mapping frua either vertical or tri-3etrogon photography. Photogros•etric bridgLng with the basic,
over-all coverae usually is accomplished with slotted cards or
the mechanical templet set. Scattered control of this type will
not normally be satisfactory for wmltiplex briding methods.

Fig. 11-1 illustrates a typical photo index of the
Shoran-con rolled coverage over one point. The actual. scaling of
the photograhy and. sunbsequent spotting of the control point may
be acccapliuhed by either multiplex or slotted templet methods.

I
,
I
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Tests indicate possible errors of as much as 150 feet even when
multiplex equipment is used. Slotted templet methods will furnish
still less accuracy and., primarily because of the inability to re- 3
cover photo tilts, they may introduce position errors of 200 to 250
feet. However, where maps of 1:250,000 scale and smaller are in-
volved., these errors often are relatively unimportant. The present
chapter deals only with the positioning of control points from the
Shoraen-controlled. photography. Photogrammetric bridging and. detail
oiilation procedures using the basic mapping coverage are explained.
in TM 5-240 and other publications related to mapping.

2. Control Point Recovery by Multiplex Methods. The prepar-
ation of work sheets and orientation of multiplex strip units for
use with control point photography involve procedures very similar
to those discussed in Chapter VIII, Multiplex Mapping. Grid posi- I
tions of the points corresponding to each photograph should be com-
puted and plotted on sheets that have been laid out at a scale con-
sistent with the aircraft flying height. The multiplex procedure 3
consists of orienting each flight separately to the Shoran control
and than determining the position of the point in question. The
computed mean of the two positions is assumed to be the true loca-
tion of the control point. In areas where vertical control is
plentiful, each flight can be leveled as a unit using the known
elevations. The BZ curve method provides the displacement between 3
true and indicated. nadir points. Generally, however, elevations
will not be known and so the BZ curve method must also be used for
strip orientation.3

The necessary procedure is best understood by reference
to Fig. l1.1. Flight 1 is set in the multiplex, brought to approxi-
mate scale, and carefully leveled by means of the BZ curve (Chapter
VII). This permits a series of relative elevations to be estab-
lished along the center line. Flight 2 can then be set and scaled
to the Shoran control. The BZ curve is used both for leveling in
the line-of-flight direction and for indicating the displacement of
nadir points resulting from false tip. The strip is leveled in the I
tilt direction by reference to the relative elevations obtained from
flight 1. The control point is plotted and its coordinates are
scaled from the plotting sheet. Also, with the orientation thus I
fixed, a line of relative elevations is read along the center line.
Finally, flight 1 is reset and leveled using the relative elevations
from flight 2 and the BZ curve. The strip is then scaled to the 3
Shoran points and a second position is obtained. Coordinates of
the two positions are averaged to obtain the final location.

3. Control Point Recovery by Slotted Templet Methods. The
use of slotted templet procedures in recovering control point posi-
tion involves nothing more than assembling the two flights as a
unit and scaling to the plotted Shoran points. The feature to be

I
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I located is selected as an auxiliary point during preparation of the

templets so that its position becomes fixed upon completion of the
assembly. Contact size photographs and templets will normally be
satisfactory since any improvement in accuracy resulting i the
use of enlargm.ents seldom will be sigaificant in the type mapping
for which the control point method is applicable. Wing points are
selected and templets are prepared in the regular fashion, using
principal points as radial centers. Care must be taken not to se-
lect too many points in the area of overlap between flights, since
excessive slots tend to weaken the templets and thus decrease
accuracy. The best average fit of the assembly to the Shoran con-
trol is obtained by placing a floating stud holder at each Shoran
point. After all templets have been assembled, the target point is
marked and its coordinates are scaled from the work sheet.U
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CHAPTU XII

I HORIA CCWROL JOM UJ IG

1. Genrai.

1. Generl. Occasions my arise when it will be desirable
to use ShorFW-`cmtrolled cross flights in conjunction with existing
uncontrolled photography. Although the resulting map accuracy will

not equal that to be expected. ircomplete Shoran-controlledI photographic coverage., considerable flying time can be saved if re-

duced standards can be tolerated.. The necessary Shoran photography
consists of cross flights normal to, and spaced at, intervals of
about each six or seven exposures along the existing coversge (Chap-
ter IV). The controlled flights then can be scaled. to the Shoran
positions and used to spot lines of pass points between which the3 uncontrolled exposures are bridgosd.

Multiplex methods normally will be employed so as to ob-
tain m7mxmmi position accuracy from the cross flights. This in-
volves the recovery of camera orientation so that photo nadlr points
can be scaled to the Shoran control. Where ground vertical points
are unavailable, the BZ curve method. described in Chapter VII is
employed. Altimeter readings will accompany the Shoran photography
and can be used to level each control strip in line of flight.
Occasionally, leveling in the tilt (Y) direction can be accomplished.
from lines of correct relative elevations established by the BZ
curve method. and using the existing photography. However, if the
needed altimeter reaing are not available with the uncontrolled
covera42, separate auxiliary strips are required. for use In tilt
leveling of the cross flights. Fig. 12-1 illustrates a typical
flight plan where the auxiliary strips are included.. It should be
noted that the auxiliaries need not be Shoran-controlled., although
it is important that accurate altimeter readings be available for
each exposure. Multiplex tests with cross flight photography from
20,000 feet indicate that maps having an internal accuracy of
approximately 125 feet or less on 90 percent of the well-defined.
features can. be prepared. This accuracy is exclusive of the mean
map position error.

2. Multiplex Methods for Cross Flight Photography. Orienta-U tion of the Shoran-controlled. cross flights is Identical to the
procedure used with area coverage photography. Work sheets are
laid out roughly parallel to the line of flight using either the
Shoran or UTM grid., dpending upon the coordInate system in vhich
the Shoran positions have been computed. The photography is set
in strips of five to seven models so as to permit multiplex scaling
to the best average fit of several points. In areas where vertical
control is available, the units are strip-leveled by reference toI
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appropriate ground points; otherwise, the BZ curve metho described

In Chapter VII is used. Relative elevations at right angles to the
cross fliits are established by application of the BZ curve method I
to the auxiliary flights. Once the control strip has been oriented,
the corrections for false tip are applied to indicated nadir points
and the entire unit is scaled to the best mean fit of the Shoran
positions. Horizontal pass points to be used as control for the
mapping photography can then be spotted throu*iout the strip in
sufficient density to assure the appearance of three or four points I
in each of the mapping fligs. The points selected should be such
readily identifiable features as road intersections, corners of
large building, and the like. It is good practice to actually
draw a portion of the features and to write out detailed descrip-tions directly on the work sheet.

Sometimes the cross flights and auxiliaries are used to
establish a framework of vertical points from which approximate con-
tours or form lines can be delineated. This procedure requires I
application of the vertical traverse (paragraph 7, Chapter VIII).
In this way elevation points, as well as positions, are spotted.
along the cross flights and used as a guide in strip-leveling the I
uncontrolled photography. Though the method cannot be relied upon

to provide very good vertical accuracy, conditions may arise where
no other alternative is available.

Once the pass points have been picked, multiplex orienta-
tion and bridging with the mapping photography are accomplished in I
accordance with TK 5-244. Individual sheets for each flight usually

are laid out on a transparent medlium to facilitate point transfer-
ring from the Shoran work sheets and must, of course, use the ssae I
grid system. The adxdition of a geographic graticule to manuscripts
compiled on the Shoran grid, is explained in paragraph 6, Chapter VIII.

3. Slotted Temlet Methods. The use of Shoran points to con-
trol slotted te et maIng is covered in Chapter IX. Where perim-
eter photography is used, base sheets are made large enough to
acconmodate sections of about 100 templets from the uncontrolled
coverage. In small areas a single base sheet is often sufficient.
All appropriate Shoran control is then plotted and floating stud I
holders are put in place at each of the points. Templets from the
cross flights use principal points as radial centers and are assem-
bled over the stud holders so as to obtain a good mean fit. Templets
from the mapping photography are prepared in the nonual manner, ex-
cept that pass points from the cross flights are transferred and
also used. as pass points on the regular coverage. The mapping as- I
sembly then is made right over the cross flight templets, using the
studs at common points to establish scale. Finally, wing points are
pricked through to the base sheet to provide the network for compil- I
ation by any desired procedure. I

U



1 

p5

I
I
I
I
I
I
I
I
I
U
I
I
I
I

I 71G. 3.2-).. � 0  
cOI�T�OLLlD 

c1�o68 flJI�

I 
n'

I
I
I
I



I
116.7

I AP2F�VU A

I -

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1149

Altimeter Recording Camera - The modified 35-rm movie camera which
photographs a barometric altimeter, radio altimeter, ex-°I posure counter, and other auxiliary data at the instant of
each aerial camera exposure.

Arc Navigation - A method of Shoran-controlled flight line naviga-
tion whereby arcs of constant radii are flown about one
of the ground stations.

Area Coverage Photography - Complete photographic coverage of an
area by conventional mapping photography having parallel
flight lines and stereoscopic overlap between exposures
in line of flight. When applied to Shoran, the term im-
plies that recorded Shoran distances are available forI each exposure.

BZ Curve - The curve obtained when a smooth line is drawn through
points representing the heights and distances along the

flight line of the several projectors used in a multiplexextens ion.

BZ Curve Method - A method utilizing characteristics of the BZ
curve for finding the displacement of true photo plumb
points from indicated projector plumb points in multiplex
strip orientation. The method also provides a means for
strip leveling using only the barometric altimeter read-
ings of aircraft flying height.

Cathode-ray Oscilloscope - The tube which presents the sweep cir-
cle and Shoran electromagnetic pulses as visual phenomena
for use by the airborne operator.

Control Point Photography - Shoran-controlled aerial photography
consisting of two short right-angle flights intersecting
over a target or secondary control point.

Cross Flight Photography - Single ph6tographic strips having stereo-
scopic overlap between exposures and having a flight direc-

tion at right angles to that of coexistent area coverage
photography. When applied to Shoran, the term implies that
each of the cross flight exposures is accompanied with re-I corded Shoran distances.

Distance Recording Camera - The modified 35-mm movie camera which
photographs the Shoran distance counters and other auxiliary
instruments at the instant of each aerial exposure.

Drift Station - A term sometimes used to designate the ground sta-
tion about which the aircraft flies during arc navigation.

I
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The second ground station is then referred to as the "Rate"
station.

Echo Pipe - Pipe formed on the airborne cathode-ray tube sweep cir-
ole by impulses returning from the ground stations. 3

Echo Timing - The measurement of time required for a short train of
radio waves to travel the round-trip path from an originat-
ing station to a reflector, or transponder. I

Error Meter - A proposed instrument for furnishing information con-
cerning the accuracy of pip alinement at the instant of
each exposure.

False Tip - The angular differences, measured in the vertical plane
through the flight line, between the axis of the aerial
camera at the instant of each exposure and the axis of
corresponding multiplex projectors when oriented in strips.

Floating Stud Holder - A device which permits spring-controlled move-
ment of a standard slotted templet stud about a plotted posi-
tion. The use of one floating stud at each Shoran position
produces an automatic adjustment of the assembly to the best
mean fit of all points.

Ground Station DeOay - The time (expressed as round-trip distance)
required for the Shoran pulse to travel through the cir- I
cuits of a ground station.

Inverse Computation - Computations connected with the determination 3
of distance and azimuth between two points, the positions
of which are given in geographic or plane coordinates.

Marker Pip - The stationary pip formed on the sweep circle by an
impulse from the airborne set. This pip marks the point
of zero distance and is the standard to which echo pips I
are alined.

Nadirscope - An instrument for attachment to the multiplex trac-
ing table, which permits recovery of projector nadir points.

Observed Zero - Reading of Shoran mileage counters when the airborne i
set is receiving its own signal.

Photographic Mission - The taking of a gvoup of consecutively ex- 3
posed aerial photographs over one area and on the same
day.

U
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IPip - A l.iuk or deilection in the otherwise smooth sweep circle
caused. by the application of an impulse to the cathode-3 ray oscilloscope.

Precomputed. Coordinate Navigal -. A little-used method of flight
line navigation whereby proper Shoran readings from the
air station to each'ground station at regular intervals
along a straight line are computed before take-off and the
aircraft then flown so as to pass, as near as possible,
along this precomputed course.

Pulse - A short train, or burst, of radio waves..

Radio Altimeter Carry - A method of "carrying" absolute flying
height values from a datum area over which a radio alti-
meter reading has been taken to another area by means of
a barometric altimeter.

IRadiosonce - An instrument carried aloft by means of a balloon or
dropped from an aircraft by parachute, which measures at-
mospheric pressure, temperature, and humidity at regular
intervals and transmits the readings by means of a small
radio sending set.

3 Rate Station - See Drift Station.

Shoran - An electronic measuring system for indicating distance
from an airborne station to each of two ground stations.
The term is a contraction of the phrase "SHOrt RA--ige5 Navigation".

Shcran Grid - A rectangular grid with the X-axis through the two
Shoran ground stations and using the westernmost station
(Station A) as the origin of coordinates.

Shoran Line Crossing - A method of determining distance between two
points by flying across the Joining line.

Shoran Range - The maxinmum possible operating distance between
Shoran aircraft and ground station as limited by flying
height, ground station elevation, terrain, and earth

* curvature.

Shoran Reduction - The computational process of converting from a
Shoran distance reading to an equivalent geodetic distance.

Shoran Triangulation - A method of triangulation in which the sides
of appropriate figures are measured by the Shoran line-
crossing method.

I
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&2 Wav.e Path- The path taken by the Shoran rave as it travels I

from the airborne to the groun station.

SiMl IRnte&sit' - Strength of the Shoran signals received at the I
airborne station. Intensity variations result primari ly
from ground. refleations of the radio mrves.

Standa. N.A.C.A, Moist Atnosphere - The empidrical N.A.C.A. stand-
ard atmosphere with added• oman annual vapor pressure at
about 40o latitude in the United States.

Statln A,- The usual designation of the westernmost ground sta-
tion. The easternmost ground station is designated as
Station B.

Station A&&le - The horizontal angle subtended at the aircraft by I
the two Shoran ground stations.

Straight Idne Ipdlcatar - A Shoran navigational device which permits I
the flying of straight lines at any orientation to the
base.

SweeD Circle - The fluorescent ring, appearing on the face of the
cathode-ray oscilloscope, that is caused by the rapid
circular travel of a tiny spot of light.

Timing Advance System - The system used to produce transmitted
pulses sufficiently earlier than the corresponding
marker pulses so that a signal returning from its round
trip arrives just in time to meet the corresponding pulse
at the cathode-ray tube. Correct adjustment of the two
timing advance systems in the airborne set is indicated
by proper alinement of the two echo pipe with the marker 3
pip.

Timing FreQuency Error - The error introduced by inability to estab-
lish the true oscillator frequency at the instant of Shoran
mesurements.

Timira Non-linearity Corrections - The corrections mde necessary I
by slight irregularities in the functioning of the 1-
mile phase-advancing devices.

Timin Oscillator - The crystal-controlled oscillator used as a
standr in the timing of pulse travel. True path distance
(exclusive of the velocity correction) in miles is given

when the oscillator frequency in cycles per second is equal
to one-half the velocity of electromagnetic waves in miles
per second (93,109.5).
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I Velocity Correction - Tb. correction made necessary by the fact

that the speed of electromagnetic propagation varies

I with varying meteorological conditions along the wave

path.
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Specification No.

28 September 1919 --

3 8][,WICR-COM L0L,•f ARIAL PMOT0UMA

i SPECIFIC POJECT DAU

Projeot name: Fort Sill, Oklahoma

Project location: Fort Sill, Oklahoma

Camera to be used: AF type T-5

Area to be photographed: 1416 square miles

Photography to be accomplished: Between 15 October 1919 and

31 December 19.9

I Flight altitude above sea level: 21,300 feet

Elevation of mean terrain above
sea level: 1, 300 feet

i Flight direction: East-vest
Flight direction 7,f special

flights: North-south

Number of flight lines: Five - as shown on flight map

I Number of special flight lines: Four - as shown on flight map

Side lap: 10 percent minimum

Names of geodetic control sta-
tions and alternates of geo-
detic control stations seleo-
ted: Gem (Namphill County, Tex.,VW. X.1927).

3Washita (Roger Mills County, Okla.,
WhMt 1927)

This station is the alternateIstation for "0e."
Cushing (Payne County, Okla.,I CIA., 1935).

I
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Long (Lincoln County, Okla., I
CIA, 1935).

This station is the alter-
nate station for "Cushing."

Delivery date: 1 January 1950 3
Maps furnished: Caddo County, Okla., 1:63,360

Kiova County, Okla., 1:63,360 i
Comanche County, Okla., 1:63,360
Stephens County, Okla., 1:63,360
Grady County, Okla., 1:63,360 g
Cotton County, Okla., 1:63,360

Tillman County, Okla., 1:63,360
Oklahoma City (R-5) I

1:500,000 scale sectional
aeronautical chart

Geodetic control data furnished: United States Coast and Geodetic
Survey publications as follows:

Descriptions of Triangulation
Stations

No. 553, "Ada, Oklahoma to
Abiline, Kansas."

No. 698, "One Hundredth Meridian
Boundary Arc, Texas and Okla-
homa."

Geographic position cards for
Long, 1935, and Cushing, 1935 I
on Ada, Oklahoma to Abiline,
Kansas arc; and Washita, 1927,
and Gem, 1927, on Texas-Okla-
homa Boundary, 100th meridian
arc.

Second-order leveling, "Cheyenne,
Oklahoma to Brisco, Texas." and
Byars, Oklahoma to Arkansas
City, Kansas (Okla. portion)."

NOTESI

1. The number of flight lines specified above are the miniumi I
number of flights that will cover the area at the altitude specified
and provide a side lap of 20 percent between flight lines 1 and 2 ande I
between lines 2 and 3, and. 25 percent between 3 and 4 and between 4
ean 5 at the mean terrain elevation of 1,300 feet above sea level of
the area. I
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2. The four special flights listed above rill be flovn in

a north-south direction aoross the project as shown on the flightIMPimp.

3. The approximate locations of the geodetlo oontrol sta-
tions are shown on the 1:500,000 scale seotional aeronautical
ohart, "Oklahoma City."

4. The second-order leveling data contains desoriptions and
elevations for the following bench marks: P-49 and Q-50 vhioh are
near triangulation station "Cushing"; 1-49 and L-49 which are near
triangulation station "Long"; 1-103, M-257, and L-257 which are
near triangulation stations "Gem" and "Washita."
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Speoifioation No.
28 September 19,49 SPEC IF CTI OS

FOR

SHORAN-CONTROLLED AERIAL PROTOaRAPHY3

SCTION I - GENAL PROVISION

1-01. COMPONJEN PARTS O0 SPECIFICATIONS. These specifications I
for Shoran-oontrolled aerial photography are composed of: Seotion I
General Provisions; Section II, Technical Provisions, Aerial Photo-
graphy; Section Ill, Teohnical Provisions, Shoran; Page la, SPECIFIC
PROJECT DATA; and the maps and geodetic control data listed on paW
la, SPECINIC PROJECT DATA. Page la is attached to the front of
Section I, General Provisions.

1-02. WORK TO E DOWIN. The work to be done under these speoi-
fications consists of furnishing all services, materials, supplies,
and plant, and making such flights as may be necessary to cover com-
pletely with Shoran-oontrolled aerial photographs, suitable for use
with Stereophotograumetric equipmzat, the area or areas, described
in the SPECIFIC PROJECT DATA and Am on the accompanying maps. The
organization performing the Shoran-controlled aerial photography wili I
be required to furnish the original aerial negatives, one set of oon-
tact glossy prints, a photo plot of all areas photographed, and all
Shoran control data and data related thereto required by Section III.

1-03. MAPS AND GEODETIC CONTROL. The maps and geodetic con-
trol listed on page la, SPECIFIC PROJECT DATA are the only Nps and
geodetic control which vill be supplied for the work to be done. It
will be the responsibility of the photographic organization to procure
any other such data, This organization will assist in the procure-
ment of such additional data when so requested.

1-0. DELIVERY. The photographic organization shall deliver
to this organization, the photographic and Shoran materials and data I
specified in Sections II and III, Immediately after completion of
the work as rejaired by these specifications . The photographic 3
organization will make every effort to deliver the following photo-
graphic and Shoran materials and data on or before the due date as
specified on page la, SPECIFIC PROJECT DATA. A copy of the trans-
mittal shall be sent to the U.S. Air Force Central Film Library:

a. Original aerial negatives.
b. Prints of aerial negatives.
o. Photo plots,
d. Shoran distance redording film.
e. Altimeter recording film.

I
I



1
f. Oscilloscope recording film.
g. Manual reading of Shoran distance counters.
h. Data necessary for correlating each aerial exposure

with the recording camera exposures.
i. Computed velocity corrections.
J. Ground station delay calibration data.
k. Airborne zero readings.
1. Airborne timing frequency.
m. Timing non-linearity corrections.
n. The horizontal and vertical positions of ground

antenna stations.
o. Operational log.
p. Mean flying height of each mission.
q. Identification of ground antenna stations to which

recorded distance readings refer.
r. Simultaneous recording of all clocks immediately be-

fore and after each mission.

1-05. INSPECTION AND ACCZPTANCE. The materials required by
these specifications will be inspected by this organization and the
photographic organization will be notified within 14 calendar days
after receipt by this organization whether or not they are accept-
able. If any part of the project fails to meet the requirements of
these specifications, the materials will be returned to the photo-
graphic organization and it will be notified of the unacceptable

portions which will require correction.

1-06. REFLICiTS. All reflights necessary to obtain satis-
factory results in accordance with the requirements of these
specifications, shall be determined and made by the photographic
organization.I
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Speoifioation No.
28 September 19 --

SPECIFICATIONS
FOR

SHORAN-CONTROLLID AERIAL PHOTOGRAPHY

SECTION II - TECHNICAL PROVISIONS
AERIAL PHOTOGRAPHY

2-01. DAYS SUITABLE FOR AERIAL PROTOGWA . Aerial photographs
shall be taken only between the hours whn Ksoar altitude Is |mbI
than 300 on all days when weather conditions are such that clear,

well-defined photographic negatives, ae required in paragraph 2-09,
can be made. No photographs shall be taken when streams are locally I
out of their normal banks or when the ground is covered by snow. The
photographs shall be taken between or on those dates specified on
page la, SPECIFIC PROJECT DATA.

2-02. CAMERA TO BE USED. i
a. The aerial photographs shall be made with a U.S. Air

Force Type T-5 or T-11 camera. The camera shall be maintained in
proper working condition and shall be installed in the airplane in
a manner and together with such accessories as may be necessary to
secure photographs meeting the requirement of these specifications. 3

b. Only stained glass filters, optically flat and coated
with a metallic vignetting correction film, shall be used with the
aerial camera.

c. Any disassembly or reassembly of the aerial camera
which will affect the calibration constants shall require recalibra- I
tion of the camera.

d. The camera or cameras and the magazines used on the I
project shall have performed satisfactorily on a test flight. The
negatives exposed on the test flight, or service test, must have
been submitted to and approved by this organization.

2-03. FLIGHT ALTITUDE. The aerial negatives shall be exposed
at the flight altitude above mean sea level specified in the SPECIFIE I
PROJECT DATA. The flight altitude for a mission shall be maintained
as constant as possible and no exposure within the mission shall de-
visate more than t100 feet from the average flight altitude. The aver-
age flight altitude for a mission shall not show a depatture of more
than 45 percent from the specified flight altitude above mean terrain.
The mean terrain elevation for the project is given on page la, SPECI- I
FIC PROJECT DATA. The determination of the average flight altitude 1
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for each mission shall include all atmospheric and other corrections
necessary to assure that the value is the true flight altiAude and
that It is correct to within 100 feet.

2-o0. FLIGKT LINES AND STRIPS.

a. No flight lines will be permitted in addition to
that number specified on page la, SPECIFIC PROJECT DATA.

b. All flight lines and special flight lines, as
specified on page la, SPECIFIC PROJECT DATA, shall be Shoran
controlled.

c. The flights shall be flown in that direction
specified on page la, SPECIFIC PROJECT DATA.

d. All flight lines shall be as straight as possible.
The mean bearings of adjacent strips shall be within 50 of parallel.In no case shall 'he lack of parallelism between adjacent photo-
graphic strips, or sections thereof, be such as to prevent the side
lap between strips from conforming with the requirements of para-
graph 2-05. Each flight shall be so photographed that the principal
points of the first and the last negatives thereof shall fall out-
side the boundaries of the specified area in order to assure that
every point within the area shall appear on at least two consecutive
photographs in the line of flight. All photographs in a flight line
shall be continuous, consecutive exposures, the time interval be-
tween any two consecutive exposures being no longer than that re-
quired to provide the forward lap. Any time interval longer than
the normal exposure interval shall require reflights. (See para-
graph 2-04e.)

e. When any portion of any flight is rejected, that
portion must be covered by a reflight which shall overlap each end
of the acceptable portions of that flight by four exposures.

2-05. OVERIAP.

3 a. Forward lap shall not be less than 53 percent nor
more than 60 percent and shall average 56 percent. Any forward
lap of less than 53 percent or greater than 60 percent throughout
the entire width of the photograph (that dimension of the photo-
graph normal to the flight direction) or strip shall be sufficient
grounds for rejection except where the displacement of images in
the photograph, caused by abrupt changes in elevation within the
area of forward overlap, approaches or exceeds the limiting values
given above. Where photographs are taken under such conditions
of terrain, there shall be no maximum value for the forward lap
provided that, at some point along both the leading and trailingU
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edges of the photographic overlap, normal to the flight direction,

there is a point at which the forward lap is between 53 percent and
56 percent. This condition shall be determined by matching identical 1
images on the two overlapping photographs and making the measurements
to determine the percentage of lap along the edges of the photographs.
It is further provided that computations must show that all forward 1
lap In excess of 60 percent is due to the change in elevation within
the area of forward lap. The minimum forward lap of 53 percent is
effective in all cases. (See paragraph 2-06.) 1

b. The minim=m side lap between adjacent strips shall
not be less than 10 percent. Side lap will be determined after all
deductions for crab, relief, tilt, and other factors have been con-
sidered. For the purpose of measuring side lap, the only portion of
the flight considered is that on which all ground points covered by 1
the flight are imaged on at least two consecutive photographs in
the flight.

2-06. CRAB. Crab dhall not exceed 10P as measure& from the
line of fligt--the flight path, or "track," of the airplane as
indicated by the principal points of the consecutive photographs). I
In any series of two photographs, the relative crab shall be limited

by the conditions of paragraph 2-05a.

2-07. TILT. Tilt shall not exceed 30 for any exposure. The
average tilt for a 20-mile section shall not exceed 20 and shall
not exceed 10 for the entire job.

2-08. AERIAL FILM. Only topographic base, safety aerial film
shall be used. The film shall be of a class that will produce nega- 1
tives meeting the requirements of these specifications.

2-09. AERIAL NEGATIVES.

a. The shutter speed shall be as short as film, filter,
and light conditions permit. In no case shall the ground speed in 3
miles per hour exceed the flight height in thousands of feet divided
by five times the shutter speed in seconds.

b. The negatives must be exposed and developed in such
a manner that all detail in all of the distinguishable terrain tones
from the darkest terrain feature, or shadow, to the highest terrain
feature, or highlight, is discernible in the aerial negative. The
negatives shall show a minimm density of not less than 0.3 and a
maximum density of not more than 1.5 as measured with a densitometer 3
having a scale range of 0 to 3.0. The negatives must be sharp in
detail, fine grained, and free of clouds and cloud shadows, light
streaks, static marks, or other defects which, in the opinion of
this organization, render them unsuitable for their intendcl purpose.
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Each end of the roll shall have a length of clear film equal to at
least three exposures,

0. After the film has been processed and dried, the
negatives shall not show a differential change in dimensions of
more than 0.2 mm nor shal amy distortion so introduced render
negatives unsuitable for use with the photogrammetric equipment
in the opinion of this organization. Usually this condition is
limited to those distortions that will not warp the stereo models
by more than !0.15 mm. Differential changes in film dimensions
shall be determined by comparing the focal plane dimension as
given on the camera calibration report with the dimensions as deter-
mined by measuring between the same two points as recorded on the
film. Uniform changes in film dimension are not considered under
this provision.

2-10. PROCESSING AND DRYING AERIAL FILM.

a. Special care shall be exercised to insure the proper
development and the thorough fixation and washing of all film and to
avoid rolling the film tightly on drums or in any way distorting it
during processing or drying.

I b. If the photographic organization desires to use any
special machines for developing or drying the film, it shall demon-
strate by tests made with contact prints of suitable grids that the
methods of the machine do not introduce distortions in excess of
!0O.02 mm.

Co All splices shall be of a permanent nature and the
film shall not be trimmed closer than 8 inches from an exposed

* negative.

2-11. AERIAL FILM ROLLS.

a. All exposures made on the project shall be retained
on the film rolls whether such exposures are acceptable or not. A
roll of film may be cut only to remove unexposed portions of the
film prior to processing or to place different projects into separ-
ate pieces of film. In either event, film shall not be trimmed
closer than 8 Inches from an exposed negative.

b. A roll of film is defined as that length of aerial
fJlm exposed in a single magazine on a single project. Each roll
c1 film shall be given a number and these numbers shall start with
one and progress consecutively throughout the project.

3 c. Short rolls of film may be spliced together for
spooling, but they shall not lose their identity as separate rolls.I

I
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2-12. INEXING AERIAL EIPOSRMS.

a. The aerial negatives shall be numbered and titled as I
prescribed in the current issue of AF Regulations No. 95-7 and in
addition, the aerial negatives shall be identified as "Shoran Con-
trolled." The negative number shall be shown with figures 3/16 inch I
high placed in the corner of the negative 1/8 inch from the edges of
the image area, and shall be of sufficient clarity for easy reading
when reduced five times. The remainder of the titling data shall I
be shown with letters and figures that are as small as possible and
placed adjacent to the edge of the image area so as to obscure a
minimum of photographic detail.

b. Each roll of film shall have on the clear portion of
tk~e film at each end, adjacent to the end exposures, so that it will U
appear on a slightly oversized print, the following data: type and
serial number of the camera; type and serial number of the lens;
type and serial number of the cone; type and serial number of the I
magazine; the project name; the mission number; the roll number;
and identity of all corresponding recording camera film. 3

c. The metal container for each spool of film shall be
labeled by affixing a form on which is given all data necessary to
identify completely the film contained therein.

d. The photographic agency shall prepare an index of
the photography by plotting the photo locations on an overlay
keyed to a small-scale map. The photographic index shall identify
and tabulate all recording camera film that applies to the aerial
photography shown on the index.

e. Where reflights have superseded rejected photography,
the rejected photography shall be shown by a dash line and the I
superseding photography shall be shown in the same manner as other
acceptable photography. 3

2-13. PRINTS. The photographic organization shall prepare
one set of single-weight, glossy, contact prints for all exposures
made on the project. The prints shall be trimmed to the image edge
except that the edge containing the recorded data shall be trimmed
just beyond these data. Special care shall be exercised in expos-
ing the prints so that a the recorded data are legible. The I
prints may be dried as the photographic organization desires. I

I
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Specification No.
28 September 1949

SPECIFICATIONS
FOR

SHORAN-CONTROLLED AERIAL PHOTOGRAPHY

SECTION III - TECHNICAL PROVISIONS
SHORAN

3-01. INSTALLATION. The error caused by the airborne antennas-
camera location relationship shall be less than 3 feet.

3-02. DISTANCE COUNTER READINGS. Manual readings of the dist-
ance counters shall be made at the instant of exposure of an aerial
negative near the beginning and end of each mission and these values
shall be recorded and related to the aerial exposures to which they
apply.

3-03. PIP ALINEMENTS. The deviations from the true pip aline-
ments during Shoran operations shall be held to an absolute minimum.

3-04. VELOCITY CORRECTIONS. Velocity corrections shall be
computed from meteorological conditions at the time of operations
and furnished in the form of tables or curves. Accuracy of the
velocity correction shall be such that the Shoran distances may be
computed with an accuracy of at least 1 part in 100,000. Each
velocity correction shall be identified with the group of aerial
photographs to which it applies.

3-05. GROUND STATION DELAY CALIBRATION DATA. Complete
ground station delay calibration data shall be recorded and tabulated
in terms of round-trip distance time required for the Shoran pulse
to travel through the circuits of each ground station.

I 3-06. AIRBORNE ZERO READINGS. Airborne zero readings shall
be recorded at the beginning and end of each mission and whenever5 Shoran operators are changed.

3-07. AIRBORNE TIMING FREQUENCY. The airborne timing fre-
quency shall be determined with an accuracy of at least 1 part in
100,000.

3-08. TIMING NON-LINEARITY CORRECTIONS. Timing non-linearity
corrections shall be furnished in the form of tables or curves.

3-09. SHORAN GROUND ANTENNA STATIONS. The geodetic control
stations and alternate stations are as given on page la, SPECIFIC
PROJECT DATA. The Shoran ground antenna stations shall be locatedI

I
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at the geodetic control stations except as noted below. The ground
antenna stations may be moved from the location of the geodetic con-
trol stations to satisfy the radio reception requirements; such
movement shall be held to the minimum consistent with requirements.
The horizontal position of the ground antenna stations shall be
determined to an accuracy of 1 foot as referred to the nearest geo- I
detic control station. The elevation of the antenna stations shall
be determined to within 2 feet as referred to the nearest bench mayrk
Height of the antenna dipoles above the antenna stations shall be I
determined to within 2 feet.

3-10. SHORAN OPERATIONAL LOG. A complete operational log I
shall be kept of all occurrences that might have a bearing on the
accuracy of the operations. 3

3-11. RECORDING CAMERAS.

a. Synchronization. Synchronization of the recording I
cameras with the aerial camera shall be such that the aircraft shall
not have moved more than 3 feet between related exposures. The
number appearing on the exposure counter oý the aerial camera and
on the exposure counters of the recording c~neras shall be identical
in all cases, or data shall be recorded equating the exposure numbers.

b. Shoran Distance Counter Recorder. The Shoran dist-
ance counter recording camera shall also record Greenwich Standard
Time, free air temperature, a compass showingithe heading of the air-
craft, and exposure oounter, an altimeter, a a data
card. The data card shall correlate the Shozan distance dials with
Shoran ground stations, identify the photographic mission to which
it applies, and show the date.

c. Altimeter Recorder. The barometric altimeter in the
altimeter recorder shall be an Air Force type D-8 or equivalent.
The altimeter recorder shall record an exposure counter and may re-
cord the time.

d. Oscilloscope Recorder. The oscilloscope recorder
shall be used on the project. The oscilloscope recorder shall re-
cord-an exposure counter and may record the time.

e. Clocks. Data necessary for the synchronization of U
all clocks 'photographed shall be recorded. Preferably, this should
be done by. etting all clocks to within 1 second before the take-off
and the sikultaneous recording of the time shown by all clocks im- I
mediately before and after photographic operations. These data shall
identify tle devices to which each of the clocks apply.

I
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I 3-12. PROCESSING RECORDING CAMERA JILM. All recording camera
film shall be exposed and processed in such a manner as to assure3 complete legibility of all data.

3-13. RECORDING CAMERA FM2 ROLLS. All recording camera rolls
of film should be cut and spliced so as to make the recording camerafilm rolls correspond exactly to the aerial camera film rolls. Allsplices are to be of a permanent nature.

1 3 ~-14. ______.

a. The roll numbers assigned to all recording camera
film rolls shall be identical to the aerial film roll to which it
applies. An identifying suffix shall be added to identify the
recorder data such as: 2D, 4A, and 7S, roll 2, distance recorder
film; roll 4, altimeter recorder film; and roll 7, oscilloscope

r rb. All recording camera films shall be keyed to the
aerial film by having the project name, mission number, aerial film
roll number, and aerial film exposure numbers to which it applies
lettered onto the clear portion of film at each end adjacent to
the end exposure. The exact positions and elevations of the con-
trolling ground antenna stations also shall be lettered onto this
clear portion of the distance recording film. The recording
camera film shall be spooled with the aerial film to which it
applies.

I
I
I
I
I
I
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Table I. Velocity Correction, Values of V1
Listed. for Even 100-foot Increments of H 4 K

I
H4 (ft) 000 100 200 300 400 600 600 700 800 900

5,000 -. 1867 -. 1807 -. 1747 -. 1687 -. 1628 -. 1568 -. 1509 -. 1449 -. 1390 -. 1331
6,000 -. 1272 -. 1213 -. 1164 -. 1096 -. 1037 -. 0979 -. 0920 -. 0862 -. 0604 -e07
7,000 -. 0688 -. 0631 -. 0673 -. 0816 -. 0458 -. 0401 -. 0344 -. 0287 -. 0230 -. 01
8,000 -. 0117 -. 0060 -. 0004 &.0053 1t.0109 f.0165 &.0221 o"0277 1t.o0332 4.383
9,000 .0444 .0499 .0554 .0609 .0665 e0719 .0774 *0829 *0884 .0

10,000 .0993 .1047 .1101 01155 .1209 .1263 .1317 .1370 *1424 .14
110,00 .1530 .1584 .1637 .1609 .1742 .1796 .1846 .1900 .1953 .200
12,000 .2057 .2109 .2161 e?213 .2265 .2317 e2368 .2420 .2471 .2520
13,000 .2573 .2624 .2675 .2726 .2777 .2827 .2878 .2928 02979 .302
14,000 .3079 .3129 .3179 .3228 .3278 .3328 .3377 .3426 .3476 .3522
15,000 .3574 .3623 .3672 ..7"M .3769 .3817 .3866 .3914 .3962 .401
16,000 .4058 .4106 .4154 .4202 .4249 .4297 .4344 .4392 o4439 .448
17,000 .4533 .4580 .4627 .4673 .4720 .4767 .4813 .4859 .4905 e495
18,000 .4998 .5044 .5089 .5135 .5181 .5226 05272 .*5317 .5362 .540
19,000 .5452 .5497 .5542 .5587 .5632 o5676 .5721 .5765 05809 .58
20,000 .589R .5942 .5986 .6029 .6073 J6117 06160 e6204 .6247 .62
21,000 .6333 .6377 .8420 .6462 06505 .6548 .6590 .6633 .6675 0671
22,000 .6760 .6802 .6844 .6886 .6928 .6970 07012 .7053 .0095 .7123,000 .7177 .7219 .7260 .7301 .7342 .7383 .7424 .7464 .7505 .754

.24,000 e7586 .7626 .7667 .7707 .7747 .7787 .7827 .7867 .7906 .79
25,000 .7986 .8025 .8065 .8104 .8143 .8182 .8221 .6260 .8299 .833
26,000 .8377 .8416 .8454 .e493 .8531 08569 .8607 .8646 .8684 .8722
27,000 .876C .8797 .8835 .8873 .891G .8948 08985 .9023 .9060 .9097

28,000 .9134 .9171 .9208 .9245 .9282 .9318 .9355 .9391 .9428 o946
29,000 .9501 .9537 .9573 .9609 .9645 .*e81 .9717 .9752 .9788 .9824
30,000 .9859 .9895 .9930 .9965 1.0000 1.0035 1.0070 1.0105 1.0140 1.0175
31,000 1.0?1C 1.0245 1.0279 1.0314 1.0348 1.0382 1.0417 1.0451 1.0485 1.051
32,00C 1.0553 1.0587 1.0621 1.0655 1.0688 1.0722 1.0756 1.0789 1.0822 1.0856
33,000 1.0889 1.0922 1.0955 1.0988 1.1021 1.1054 1.1087 1.1120 1.1153 1.118
34,000 1.1218 1.1250 1.1283 1.1315 1.1354':' 1.1379 1.1411 1.1444 1.1476 19150
35,000 1.1539 1.1571 1.1603 1.1634 1.1666 1.1898 1.1729 1.1760 1.1792 1.18225
36,000 1.1854 1.1885 1.1916 1.1947 1.1978 1.2009 1.2040 1.2070 1.2101 1,213
37,0CC 1.2162 1.2192 1.2223 1.2253 1.2283 1.2314 1.2344 1.2374 1.2404 1.2
38,000 1.2464 1.2493 1.2523 1,2553 1.2582 1.2612 1.2641 1.2671 1.2700 1.272,
39,000 1.2759 1.2788 1.2817 1.2846 1.2875 1.2904 1.2933 1.2962 1.2990 1.301|
40,000 1,3048 1.3076 1.3105 1.31331 1.3161 1.3190 1.3218 1.3246 1.3274 1.330I

Note: Enter the column at left with H 4 K to the nearest
1000 feet and move to the right for values to the
nearest 100 feet. Interpolate between the 100-foot
values for more accurate results.

I
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I
Table II. VeIlooity Correotion., Val~ues if V

5000 10000 1EO00 20000 25000 30000 35000

1,000 ,0002 *0002 .0002 .0002 0001 .0001 .0001 .000
2,000 .0008 *0007 .0007 .0006 OOC .o000 .0005 .00g
3,000 .0018 .0017 .0015 .0014 .0013 .0012 .0010 .000U

4,000 *C032 .0030 .0027 .0025 .C023 .0021 .0018 .O01
5,000 .0050 .0046 .0043 .0039 s0036 .0032 90029 .0022
6,000 .0072 .0067 .0062 .005" .0051 *0046 .0011 * 00
7,030 .0098 .0091 .0084 .0077 .0070 .0063 .0056 .0044

8,000 .0128 .0119 .0110 .0101 .0091 .0082 .0073 .00
9,000 .0162 .OlbO .0139 .0127 .0116 .0104 .0093 .0088

10,000 .0200 .0186 .0171 .0157 .0143 .0129 .0114 .01
11,000 .0225 .0207 .0190 .0173 .0166 90138 .012
12,000 .0267 90147 .0226 .0206 .018 5 .0165 .0144

13,C.00 .0314 .0290 .0266 .0242 .0217 .0193 .016
14,000 .0364 .0336 .0308 .0280 .0252 .0224 .019
15,000 .0418 .0386 .0354 .0322 .0290 .0257 .022
16,000 e0439 .0402 .0366 .0329 .0293 .021
17,000 .0495 .0454 .0413 .0372 .0331 .02
18,000 .0555 .0509 .0463 .0417 .0371 o032
19,000 .0619 .0567 .0516 .0465 .0413 .0362
20,000 .0686 o0629 .0572 .0515 .0458 .0401

21,000 .0693 .0630 o0568 .0505 .044
22,000 .0761 .0692 .0623 s0554 .048
23,000 .0932 .0756 .0681 .0605 .0530
24,000 .0905 .0823 .0741 .0659 .0577

25,000 .0982 .0893 .0804 .0715 .062
26,000 .0966 .0870 .0774 .067
ý?,000 .1042 90938 .0834 90
28,000 

o1121 .3009 .0897 .07862

29,000 .1202 .1082 .0962 o084i
30,000 .1286 01158 .1030 e090
31,000 .1237 .1100 .096|
32,000 .1318 .1172 01026

33,000 .1401 .1246 .1091
34,000 2.1488 .1323 .1158
35,000 .1576 .1402 .1227

I
I
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Table III. Volocity Correotioui Yalue of

M s 5000 10000 15000 20000 25000, 30000 35000 40000
40 .0001 .0001 .0001 00001 .0001 .0000 .0000 .0(0
50 .0001 .0001 .0001 .0001 .COOl 00001 .0001 00001
60 *0002 .0002 *0002 .0002 .000? .000'" .0001 4000
70 .0004 ..v004 .0003 .0003 .0003 *00C2 90002 .000
80 .0006 .0005 .0005 .0004 .0004 .0003 .0003 .O000
90 .0008 .0008 .0007 *0006 90006 .0005 90004 .0004

100 *0012 .0010 .0009 .0008 .0008 .0007 .000 900I 110 .0016 .0014 .0013 .0011 .0010 .0009 .0008 e0007
120 ,0020 .0018 .0016 .0015 .0013 .0011 .0011 90010
130 .0026 90023 .0021 .0019 .0017 .0015 .0014 v0012

140 .0032 .0029 .0026 .0024 .0021 .0019 .0017 .0015
150 .0040 .0036 .0033 .0029 .0026 .0024 .0021 .0019
160 .0049 .0044 .0040 .0036 .0033 .0029 .0026 .0024
170 .0059 .0054 .0048 .0044 .0059 .0035 .0032 .0028

10 .0071 .0064 .0068 .0052 .0047 .0042 90038 .003
190 .0084 .0076 .0069 .0062 .0056 .0050 .0045 *0040
200 .0099 .0090 .0081 .0073 .0066 .0059 .0053 .0048
210 .0105 .0095 *0086 .0077 .0069 .0062 .0056
220 .0122 .0110 .0099 .0089 .0080 .0072 .0065
230 .0141 .0127 .C115 .0103 .0093 .0083 .0075
240 .0162 .0146 .0132 e0119 .0107 .0096 .008(
250 .3185 .0167 60151 .0136 .0122 .0110 .0098
260 .0190 .0172 .0155 .0139 .0125 .0112
270 .0216 .0195 .0176 .0158 .0142 .0128
200 .0244 a0221 .0199 .0179 .0161 .014
290 .0275 .0249 .0224 .0202 .0181 .0163
300 .0309 .0279 .0252 .0227 .0204 .0183
310 .0313 .0?82 .0254- .0229 .0205
320 .0349 e0315 .0284 .0256 .0230
• e0389 *0352 *0317 .0?85 .0256

34I - -. 33 *0391 .0353 .0317 ,0295350 e0430 o0434 o0392 *0353 *0317
i36C 

,0481 ,0434 s0391 ,0352

370 *0532 ,.0480 *0433 *0389

380- *0587 *0530 -0478 -s,43O! 190 ,0647 90585 *0528 ,0475

400 90712 *0644 ,0581 *0524

I
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Table IV. Correction for Assumption No. 1 I

___ _i f) " g (Kft)

160 32,946
170 27,435
ISO0 24,797

190 23,409
200 22,696
210 2E,398
220 22,3580 46,803
230 22,563 37,971
240 22,897 33,913
250 23,353 31.762
260 23,907 30,59G
,7C 24,546 30,02.1 42,874

280 25,257 29,836 38,933
290 26,034 29,926 36,808
300 26,863 30,?21 35.657
310 27,759 30,677 35,104
320 28,696 31,263 34,951 40,92
330 29,686 31,957 35,083 39,78
340 30,719 32,743 35,432 39,25I
350 31,795 33,610 35.949 39,12
360 32,9f13 34,549 36,604 39,291
370 34,072 35,553 37,374 39,687
380 35,271 36,617 38,242 40,254
390 36,508 37,737 39,195 40,963

400 37.783 38,908 40.224 41.792

X1O"3 65 1.5 2.5 3I5

°1 •.° z.° 1 •- I .

Note: Enter the table for the value of S and •
observe between vhich columns the value I
of H * K lies. The correction can then
be found by Eing d the line between
the columns to the value given on the I
bottom line. I
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